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ATTACHMENT J1 
ESTIMATING THE CONCENTRATION TERM 

In accordance with EPA guidance (USEPA 1989% 1992a; USEPA Region VI11 1994), the 
95% upper confidence limit (95% UCL) on the mean is used as the exposure point 
concentration for calculating the central tendency and reasonable maximum risk in Superfund 
risk assessments. The 95% UCL is an estimate of the average contaminant concentration in 
an exposure area and is used instead of the mean in order to account for the uncertainty in 
calculating the true mean from a small data set. 

This Attachment contains (1) a discussion of the statistical methods that were used to test the 
distribution of the data (normal or lognormal) and to calculate the concentration term and (2) 
tables showing all sample results used in the calculations. 

GENERAL STATISTICAL METHODS 

For normally distributed data, the 95% UCL is calculated according to the following equation: 

S 
- 4-a,"-1 UCL,-, = x+- 

fi 
For lognormally distributed data, the following equation is used: 

The parameters p and s are the mean and standard deviation of the original data; y and sy are 
the mean and standard deviation of the log-transformed data; n is the sample size; t is the 
Student's t value at significance level of a (0.05) with (n-1) degrees of freedom; and H is the 
H statistic at a significance level of a. Values for the H statistic were taken from an 
expanded H0.95 table with small increments of n and s, (WCC 1993). 

It is not always possible to correctly identify the distribution of a small sample (n = 20 to 
50), which is the size of many environmental data sets (Hahn and Shapiro 1967; Shumway 
et al. 1989). Distributions other than normal or lognormal are also possible. However, only 
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the normal and lognormal distributions were used in this report because (1) risk assessment 
guidance recommends using the normal and lognormal distributions and (2) methods to test 
distributions other than normal or lognormal are not readily available. 

Distribution testing and calculating summary statistics for the original or the log-transformed 
data were performed using statistical procedures recommended by EPA (1989b) or generally 
accepted in engineering practice. The following standard statistical methods were applied, 
depending on the characteristics of the data set: 

0 Wilk-Shapiro test for normality (USEPA 1992b). 
Probability plotting test for normality (USEPA 1992b). 
Robust probability plotting for estimating mean and standard deviation. This 

0 

0 

method has been well documented and proved to be very powerful in 
statistical analysis, especially in cases where multiple detection limits are 
reported (Helsel 1990; Helsel and Cohn 1988; Hirsch and Stedinger 1987). 

Different procedures were applied depending on frequency of non-detects (NDs), sample size 
(some were too small to test distribution), and presence of zero or negative concentrations. 
Each of these cases is discussed below. 

CASE 1: FREQUENCY OF NON-DETECTS I 15% 

If the total number of NDs within a data set was less than 15% of the total observations, the 
N D s  were replaced by one-half the Sample Quantitation Limit (SQL). The distribution was 
tested using the entire data set (detected values and one-half of the SQL for NDs). The test 
of normality was performed using the Wilk-Shapiro test. Following the test for normality, 
the mean and standard deviation were calculated on either the original data or the log- 
transformed data, as appropriate. 
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CASE 2: FREQUENCY OF 15% < NON-DETECTS 5 9 0 %  

When the frequency of N D s  exceeds IS%, the simple substitution method for N D s  used in 
(1) (i.e., one-half the SQL) generally produces biased estimates of the mean and standard 
deviation and is not recommended (USEPA 1989b; USEPA 1992b; Helsel 1990). 
Distributional methods such as maximum likelihood estimates and robust probability plotting 
are recommended instead (USEPA 1992b; Helsel 1990). 

Robust Probabilitv Plotting 

For metals and radionuclides with a frequency of N D s  between 15% and 90%, normality was 
tested using either censored or detects-only probability plotting (USEPA 1992b). Data 
censoring is described in Case 5 below. To' estimate means and standard deviations, the 
robust probability plotting method was used with a computer program developed by Helsel 
and Cohn (1 991). As indicated in Table 1, the robust probability plotting method was applied 
to antimony and silver in surface soil and to silver in pond sediment (AOC No. 4). 

Robust probability plotting methods combine results reported above the detection limit with 
extrapolated values for N D s  by assuming a distributional shape in order to estimate summary 
statistics. A distribution is fitted to the detected results using probability plotting procedures. 
The fitted distribution is then used to extrapolate values below the reporting limit. These 
extrapolated values are not considered estimates for specific samples, but are used collectively 
only to estimate summary statistics. A brief summary of the method used in this report is 
described below: 

e Determine the probability plotting positions of each observation (detected and 
non-detected), pi, by using an appropriate plotting position formula, such as the 
Weibull, Blom, or the Hazen plotting formula. For multiple detection limits, 
a method by Hirsch and Stedinger (1987) was used to determine the plotting 
position. , 

e For the plotting positions obtained above, calculate the corresponding normal 
score, NS, from the inverse cumulative normal distribution, 
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0 Develop a regression model of the original data or log-transformed data 
(detected values only) vs. normal score. 

0 Use the regression model to extrapolate concentrations for the non-detected 
values according to their normal score. 

0 Use the detected concentrations and the extrapolated concentrations to 

calculate the summary statistics. 

CASE 3: FREQUENCY OF NON-DETECTS > 90% 

If the total number of NDs in a data set was more than 90%, distribution testing is not 
meaningful and was not performed. Under such a circumstance, the reasonable maximum 
detected concentration adopted for risk assessment was either (1) the maximum detected 
concentration or (2) the 95% UCL on the mean, using one-half of the detection limit for non- 
detects and assuming normally distributed data. 

e 
CASE 4: SAMPLE SIZE TOO SMALL 

When the sample size was too small (generally 5 or less with no NDs, or 10 or less with 
more than 5 NDs) to warrant a normality test and to establish meaningful statistical 
parameters, the data set was assumed to be normally distributed and the statistics were 
calculated by substituting one-half the SQL for NDs. In some cases with a large percentage 
of NDs, the maximum detected concentration was adopted as the reasonable maximum 
exposure concentration for risk assessment. 

CASE 5: DATA SETS WITH ZERO OR NEGATIVE CONCENTRATIONS 

For radionuclide data sets with zero or negative concentrations, the zeros and negatives were 
treated as N D s  with a detection limit of the minimum positive detected concentration. This 
adjustment was necessary to yield an all-positive data set prior to log-transformation and had 
less effect on the distribution than adding a constant to all results. Negative and zero values 

(4047-848-003S-862)(9)(ATTACH.Il)(08-I 3-95 12:48pm) J1-4 



were present in the following data sets: Am-241 in AOC No. 1 subsurface soil; Am-241 and 
Pu-239/240 in AOC No. 2 surface soil; and Pu-239/240 in AOC No. 4 streamldry sediment. 
The calculation of means and standard deviations followed the procedures as specified in 
cases 1, 2, and 4, depending on the frequency of N D s  (including zeros and negatives) in the 
data sets. 

Two alternate methods of estimating the mean and standard deviation of data sets with zero 
or negative values were considered: a three-parameter lognormal method and an ''add-on" 
method in which a small positive constant is added to all results to yield a data set with all 
positive values. Neither method was adopted, for the reasons presented below. 

For data sets with zero or negative concentrations, a three-parameter lognormal distribution 
could be used to calculate the 95% UCL of the mean. However, the procedures to estimate 
the three parameters and the 95% UCLs are too complicated to be applied here and are 
probably not warranted for purposes of risk assessment because simpler methods appear to 
provide adequate estimates of exposure concentrations. 

In the "add-on" method, a two-parameter lognormal distribution was assumed to be applicable 
to the data if an appropriate positive constant ("add-on") was added to each'result; that is 3 
= (xi + T), where xi is the sample value, T is a positive constant, and 3 is positive. The mean 
and standard deviation of In(%) were then calculated, and the 95% UCL of the mean for z 

was determined by Equation (J.2). The 95% UCL of the mean for x was estimated as the 
95% UCL of .the mean for z minus 7.  The add-on method was compared with the robust 
probability plotting method. It was found that the add-on method is very sensitive to the 
positive value (T) chosen and did not provide good estimates of the statistics. As a result, 
the add-on method was not used to calculate the 95% UCLs of the mean. 

In conclusion, radionuclide data sets with zero or negative values were adjusted by setting 
the zero or negative values to the smallest positive detected value, and the concentration 
terms were calculated as specified in Cases 1, 2, or 4 above, depending upon the detection 
frequency. 
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RESULTS 

The data used to calculate 95% UCL concentrations and summary statistics are shown in 
tables accompanying this Attachment. 

DISCUSSION 

This section discusses the selection of the concentration terms for silver, Am-241, and Pu- 
239/240 in pond sediment; VOCs in pond surface water (AOC No. 4); and Pu-239/240 in 
stream/dry sediment (AOC No. 3). These were indicated with the footnote "d" in Tables J5- 
4, J5-5, and J5-6. 

In each of these cases, the 95% UCL based on a normal distribution, rather than a lognormal 
distribution or the maximum concentration, was used as the concentration term. For silver, 
Am-241, and Pu-239/240 in pond sediment and for Pu-239/240 in AOC No. 3 stream/dry 
sediment, the ''lognormalt' 95% UCL exceeded the maximum sample concentration, and the 
maximum concentration was considered an overly conservative estimate of an average 
exposure concentration. Data used in calculating the exposure terms are shown in Tables 18, 

22, 25, and 26 accompanying this Attachment. 

For VOCs in AOC No. 4 pond surface water, the 95% UCLs calculated on the untransformed 
data assuming a normal distribution were adequately conservative, judging from the frequency 
of detection and range of detected concentrations, and no further analysis was performed on 
these data (see Table 27 of this Attachment). 
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ATTACHMENT J1 
TABLE LEGEND 

(1) = Calculated on well averages 
AOC = Area of Concern 
CRBL = Contract Required Detection Limit 
mgkg = milligram per kilogram 
pCi/g = picocuries per gram 
pCi/L = picocuries per liter 
RME = Reasonable Maximum Exposure 
SQL = Sample Quantitation Limit 
UCL = Upper Confidence Limit 
pg/kg = microgram per kilogram 
pg/L = microgram per liter 

= Detected Results 

Laboratory Qualifiers 

B = Organics (Volatiles, Semivolatiles, Pest.dlUzs/PCBi,, ,,idicates cllemical was in 

B = Inorganics (Metals & Other Inorganics) detected concentration was less than 

B = Radionuclides - the activity in the method blank exceeded the minimal 

C = PesticideK'CB result where identification was confirmed by G U M S  
D = Organics - analysis was performed at a dilution 
E = Inorganics - reported value is estimated due to interference 
J = Organics - positively identified below SQL - quantity is estimated 
J = Inorganics & radionuclides - quantity is estimated 
N = Metals - Spike recoveries in the matrix spike sample did not meet advisory limits 
U = All analyses - analyzed chemical was not detected 
W = Metals - post digestion spike did not meet control limit 
* = Organics - outside contract required QC limits 
* = Metals - Matrix duplicate analysis did not meet advisory limits 

both the sample and associated method blank 

CRDL and above IDL 

detectable activity (MDA) 
a 

Validation Qualifiers 

A = Result accepted with qualifications 
JA = Result accepted but was estimated 
J = Estimated result due to outside holding time, improperly preserved, quality control 

Darameter outside control limit 
' R =Rejected result 

V = Valid result 
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Attachment J1 
Table 1 

Log Normal 95% UCLs for Chemicals of Concern 

Technique for Mean S.D. 
Analyte Distribution Adjustment Sample Size of x or LN(x) t(0.05,n-1) H(0.05,n) 95% UCL Units Comments 
Surface Soil 
AOCNo. 1(') 

AOC No. 2, 30-acre maximum exposure area 
Antimony log normal 
Silver log normal 
VanadiUm log normal 
Zinc log normal 
Americium-24 1 log normal 
Plutonium-239/240 log normal 

AOC No. 2, total area (*) 
Antimony log normal 
Silver log normal 
Vanadium log normal 
Zinc log normal 
Americium-24 1 log normal 
Plutonium-2 3 9/240 log normal 

RPP 57 
RPP 64 

64 
64 
42 
55 

RPP 69 
RPP 77 

77 
77 
54 
67 

2.438 

3.384 
4,239 
-0.949 
-0.585 

-2.205 

2.589 

3.442 
4.208 
-1.478 
4.944 

-2.643 

0.444 
2.107 
0.370 
0.459 
1.193 
1.503 

0.469 
2.247 
0.372 
0.427 . 
1.488 
1.646 

1.835 14.086 
3.606 2.643 
1.788 34.3 10 
1.838 85.655 
2.575 1.275 ' 
2.871 3.099 

1.840 16.495 
3.712 2.3 10 
1.780 36.130 
1.809 80.46 1 
2.857 1.238 
3.006 2.776 

RPP Robust Probability Plot 
S.D. Standard Deviation 
LN natural log 
t Student's t statistic for normal distribution 
H H statistic for lognormal distribution 
UCL Upper confidence limit 

(1) For AOC No. 1, the normal 95% UCL and the log normal 95% UCL values were approximately the same, therefore, the normal 95% UCL 
(as shown on Attachment J 1, Table 2) were used. 
(2) AOC No. 2 total area is approximately 50 acres. 
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Attachment J1 
Table 1 

Log Normal 95% UCLs for Chemicals of Concern 

Technique for Mean S.D. 
Analyte Distribution Adjustment Sample Size of x or LN(x) t(0.05,n-1) H(0.05,n) 95% UCL Units Comments 
Subsurface Soil 

AOCNo. 1 
Barium 
Americium-24 1 
Plutonium-23 9/240 
Uranium-23 3/234 
Uranium-238 

AOC No. 2, total area ( I )  

Barium 
Am-24 1 
Pu-239/240 
Urani~m-233/234 
Uranium-238 

log normal 
log normal 
log normal 
log normal 
log normal 

log normal 
log normal 
log normal 

normal 
log normal 

44 
42 
42 
43 
43 

99 
93 
86 
99 
98 

4.556 
-5.140 
-5.078 
4.460 
4.33 1 

4.577 
-5.100 
-5.153 
0.733 
-0.338 

0.541 
0.949 
1.197 
0.459 
0.933 

0.810 
1.425 
2.161 
0.263 1.984 
0.3 16 

1.923 129.232 
2.290 0.013 
2.580 0.02 1 
1.868 0.800 
2.273 1.540 

2.046 159.705 
2.657 0.025 
3.559 0.138 

0.785 
1.742 0.793 - . -  

RPP Robust Probability Plot 
S.D. Standard Deviation 
LN natural log 
t Student's t statistic for normal distribution 
H H statistic for lognormal distribution 
UCL Upper confidence limit 

(1) AOC No. 2 total area is approximately 50 acres. 
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Attachment J1 
Table 1 

Log Normal 95% UCLs for Chemicals of Concern 

Technique for Mean S.D. 
Analyte Distribution Adjustment Sample Size of x or LN(x) t(0.05,n-1) H(O.05,n) 95% UCL Units Comments 
Pond Sediment 

AOC No. 3 
Bis(2ethylhexyl)phthalate log normal 
VanadiUm log normal 
Am-24 1 log normal 
Pu-23 91240 log normal 

5 6.208 
5 3.535 
4 0.339 
4 1.326 

AOC No. 4 
Aroclor-1254 log normal 20 4.517 
Bis(2ethylhexyl)phthalate log normal 19 7.880 
Silver log normal RPP 20 3.048 
Pu-2391240 log normal 15 2.672 

1.186 
0.3 12 
1.544 
1.475 

3.532 
1.537 
1.70 1 
1.667 

3.046 2637.0 
1.892 42.2 
3.791 23.4 
3.658 50.0 

7.002 1.4E+7 
3.469 30257.9 
3.695 379.1 
3.923 333.1 

P@% 
m?& 
pCi/g Exceedsmax 
pCi/g Exceedsmax 

RPP Robust Probability Plot 
S.D. Standard Deviation 
LN natural log 
t Student's t statistic for normal distribution 
H H statistic for lognormal distribution 
UCL Upper confidence limit 



Attachment J1 . 

Table 1 
Log Normal 95% UCLs for Chemicals of Concern 

I Technique for Mean S.D. 
I 

I 

Analyte Distribution Adjustment Sample Size of x or LN(x) t(0.05,n-1) H(O.05,n) 95% UCL Units Comments 
Stream Sediment 

AOC No. 3 
Strontium log normal 
Plutoni~-23 9t240 log normal 

9 -01070 1.152 
9 4.074 0.217 

3.580 7.78 mgkg 
2.463 72.68 pCi/g Exceedsmax 

AOC No. 4 
Zinc log normal 12 4.454 0.589 2.256 152.6 mgkg 

RPP Robust Probability Plot 
S.D. Standard Deviation 
LN natural log 
t Student's t statistic for normal distribution 
H H statistic for lognormal distribution 
UCL Upper confidence limit 
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ATTACHMENT J1 
TABLE 2 

95% UCL CONCENTRATION 
AOC NO. 1 

SURFACE SOIL METALS ' 

SS600492 SS6OOO4WC 10/09/92 18.8 18.8 12 JA 
10/09/92 18.2 18.2 12 JA 
10/09/92 19.4 19.4 12 JA 

31.7 . 31.7 IO V I 59 4 V 
33.1 33.1 IO V 
28.7 28.7 10 V 

SUO0592 
Ss600692 
SUO0792 
SS600892 
SS600992 
ss60 I 092 
ss601192 
ss601292 
ss60 I392 
SS601492 
SS601592 
SS601692 
SS601792 
SS60 1 892 
ss601992 
SS602092 
ss602 192 
SS602292 
SS602392 
SS602492 
SS602592 
SS602692 

ss6o0O5wc 
ss6ooo6wc 
ss6ooo7wc 
SS6o0O8WC 
ss6o0o9wc 
SS6001OWC 
ss6oo11wc 
ss60012wc 
SS60013WC 
s s m  14wc 
ss6001swc 
SS60016WC 
ss60017wc 
SS60018WC 
SS600 I9WC 
ss6oo2owc 
ss6002 1 wc 
ss60022wc 
ss60023wc 
ss60024wc 
s s m 2 5 w c  
SS6OO26 WC 

Number of dasts 
Minimum daeaed 
Maximumdaeaed 
A w e  
standard Deviation 
1-due 
95% UCL 

.. .. - 
I 

26 
10109/92 10123I92 1-1 23.5 
l0/23192 5.75 11.5 
10123/92 5.85 

10126192 
10112/92 5.2 
10112/92 5.2 

10126/92 
10112/92 124.151 
ion6192 
1 Q/26/92 

10/27/92 

10/12B2 5.2 
10/27/92 
10127/92 
11119/92 6.55 

ion6192 

10/12/92 -1 

11.7 
12.25 
14.4 

12 

10.4 
10.4 

24. IS 

19.1 
10.4 

13.1 

12 
I2 
12 
12 
12 
I 2  
12 

I2 
12 
12 

12 
I2 

JA 
JA 
V 
V 
V 
JA 
V 
R 
JA 
JA 
JA 
R 
R 
R 
R 
R 
JA 
JA 
R 
R 

27.9 
40.1 
30.9 
33.5 
37.2 
31.8 
26.2 
33.8 
38.6 
28.7 

32.35 
21.2 
39.8 
24.8 
26.3 
29.5 
35.5 
31.3 
23.8 
32.7 

IO 
10 
10 
IO 
IO 
IO 
IO 
IO 
IO 
10 
IO 
IO 
IO 
IO 
IO 
IO 
10 
IO 
IO 
IO 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

24 
23.8 
40.1 

3 1 :79 
4.51 

1.714 
33.39 

31.6 
54.1 
43.8 
36.5 
36.2 
27.8 
52.6 

42 
52.4 
51.7 
44.9 
40.7 

51.25 
36.3 
41.1 
41.6 
40.2 
48.2 
60.2 
S4.8 
42.4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

V 
V 
V 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
V 
V '  
V 
JA 
JA 
JA 
JA 
JA 
V 
V 
JA 

38.2 i 4 JA 
77 192 ss60191wc ~~ ~ ~ 12 u JA 1 37.61 37.6 IO V 59.7 59.7 4 JA 
Number of samples 16 . 24 24 

I I 

8 
14.4 

24.1 5 
13.09 
7.78 

1.753 
16.50 

24 
27.8 
60.2 

45.30 
8.80 

1.714 
48.38 



Statistics based on log nonnal distribution 
Mean of In-1 
std of ln-t 
H4.95 value ' 

95% UCL 

ATTACHMENT J1 
TABLE 2 

95% UCL CONCENTRATION 
AOC NO. 1 

SURFACE SOIL METALS 

3.449 
0.148 
1.737 
33.558 
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ATTACHMENT J1 
TABLE 2 

.95% UCL CONCENTRATION 
AOC NO. 1 

SURFACE SOIL METALS 
ANTIMONY(m&) VANADW (mgkg) ZINC (W& 

SS600492 SS6oO04WC 10/09/92 18.8 
10/09/92 18.2 
10/09/92 19.4 
10/09/92 26 

SS600S92 
SS600692 
SS600792 
SS600892 
SS600992 
SS60 I092 
SS60 1 I92 
SS601292 
SS60 1392 
SS60 1492 
SS601592 
SS601692 
SS60 1792 
SS601892 
sS601992 
SS602092 
SS602 192 
SS602292 
SS602392 
SS602492 
SS602S92 
SS602692 

18.8 12 JA 31.7 31.7 10 V 59 59 4 V 
18.2 12 JA 33.1 33.1 IO V 31.6 31.6 4 V 
19.4 I2 JA 28.7 28.7 IO V S4.1 S4.1 4 V 

26 I2 JA 27.9 27.9 IO V 43.8 43.8 4 V 

sS6oO05wc 
ss6ooo6wc 
ss6oO07wc 
SS6oO08WC 
sS6oO09wc 
sS600 I OWC 
sS60011wc 
ss6oo12wc 
ss6oo13wc 
sS60014wc 
sS60015wc 
SS60016WC 
ss6oo17wc 
Ss6oo18WC 
ss6oo19wc 
ss6oo2owc 
ss6oo21wc 
ss60022wc 
SS60023WC 
ss6oo24wc 
Ss6oo2JWC 
SS60026WC 

10/26/92 R 
I0/26/92 R 
1 or27192 R 

10/12/92 5.2 10.4 12 U JA 
10/27/92 R 
10127192 R 

77192 sS60191wc 11/19/92 6.55 13.1 12 U JA 

10112/92 -19.11 19.1 12 JA 

24.8 24.8 IO V 41.6 41.6 4 JA 
JA 

293 29.5 10 V 48.2 48.2 4 JA 
35.5 3s.5 10 V 60.2 60.2 4 V 
31.3 31.3 IO V 54.8 54.8 4 V 
23.8 23.8 10 V 42.4 42.4 4 JA 
32.7 32.7 10 V 38.2 38.2 4 IA 
37.6 37.6 10 V J9.7 59.7 4 JA 

40.2 40.2 * 4 26.3 26.3 10 I V 

V 
10/23/92 1-1 23.5 12 
10123/92 5.75 11.5 12 u 
ior23192 J.8J 11.7 ,I2 U v .  

V 
40.1 IO 
30.9 10 

I 
1 333 10 V 27.8 

10/23I92 6.12 12.25 I2 U V 4 JA 
4 JA 

IOl23I92 6 12 12 U V JA 
JA 

10/23/92 -1 14.4 12 

10/26/92 R J1.7 151.7 4 
I0112/92 5.2 10.4 12 U JA 44.9 44.9 4 . V  
1011 2/92 5.2 10.4 12 U JA 40.7 40.7 4 V 

ior26~2 R 10 36.3 36.3 4 JA 
10/26/92 R 10 41.1 41.1 4 JA 

10/12/92 7 1  24.1s 12 JA IO 51.25 51.25 4 V 

statistics based m log normal diseibutim 
Mean of In4 
std of In-t 
H4.95 value 
95% UCL 

3.449 
0.148 
1.737 

33.558 

3.794 
0.204 
1.762 

48.904 
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I 

ATTACHMENT J1 
TABLE 4 

95% UCL CONCENTRATION 
AOC NO. 1 

SUBSURFACE SOIL METALS 

IHSS Location FieldID Result SQL CRDL Qual ValidQual 
167.1 61192 BH60001WC 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167. I 
167. I 
167. I 
167. I 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 

. .  

. 167.1 

61192 
6 1292 
6 1292 
61392 
61392 
61492 
6 1492 
6 1692 
6 1692 
6 1792 
6 1792 
61892 
6 1892 
6 1992 
61992 
62092 
62092 
62192 
62 I92 
62292 
62292 
62392 
62392 
62492 
62492 
62S92 
62592 
62692 
62692 
62792 
62792 
62892 
62892 
62992 
62992 
63092 
63092 
63192 
63192 
63292 
63292 
63392 

BH60002WC 
BH60003 WC 
BH60004WC 
BH60006WC 
BH60007WC 
BH60008WC 
BH60009WC 
BH60012WC 
BH60013WC 
BH600 14WC 
BH600 1 S WC 
BH600 16WC 
BH60017WC 
BH600 18 WC 
BH60019WC 
BH60020WC 
BH6002 1 WC 
BH60022WC 
BH60023WC 
BH60024WC 
BH60025WC 
BH60026WC 
BH60027WC 
BH60028WC 
BH60029WC 
BH60030WC 
BH6003 1 WC 
BH60032WC 
BH60033WC 
BH60034WC 
BH6003JWC 
BH60036WC 
BH60037WC 
BH60038WC 
BH60039WC 
BH60040WC 
BH60041 WC 
BH60042WC 
BH60043WC 
BH60044WC 
BH6004JWC 
BH60096WC 

0-2 
2 4  
0-2 
2 4  
0-2 
2 4  
0-2 
2 4  
0-2 
2-4 
0-2 
2-4 
0-2 
2 4  
0-2 

24.2 
0-2 
2 4  
0-2 
2 4  
0-2 
2 4  
0-2 
2 4  
0-2 
2 4  
0-2 
2 4  
0-2 
2 4  
0-2 
2-4 
0-1 

2-3.8 
0-2 
2-4 
0-2 
2 4  
0-2 
2-4 
0-2 
2 4  
0-2 

90.5 90.5 
# 99.8 

101 
50.7 
I54 

97.3 
65.8 
77.2 
84.9 
91.3 
46.6 
56.7 
109 
224 

1503 
866 
176 
104 

59.9 
79.1 
98.2 
65.9 
60.7 
72.6 

64 
67.9 

99 
64.4 
53.8 
62.4 
96.2 
1s2 
269 

' 207 
s4.4 
60.7 

74 
104 

93.9 
8S.7 
149 
163 

88.2 

99.8 
101 

so.1 
154 

97.3 
65.8 
77.2 

91.3 
46.6 
56.7 
109 
224 

150.5 
866 
176 
104 

59.9 
79.1 
98.2 
65.9 
60.7 
72.6 

64 
67.9 

99 
64.4 
S3.8 
62.4 
96.2 
1s2 
269 
207 
54.4 
60.7 

74 
104 

93.9 
85.7 
149 
163 

88.2 

84.9 

40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 

. .  

M 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
v 167.1 63392 BH60047WC 24.5 61.6 61.6 .- 

Number of samplar 44 
Number of detects 44 
Minimumdctcckd, 46.6 
Maximum datatd 866 
Average 117.09 
Standard Deviation 124.11 
t-value 1.684 
95% UCL 148.60 

Slatistics based on log normal distribution 
95% UCL (set Table 1) 129.23 
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ATTACHMENT J1 
TABLE 5 

ROCKY FLATS OU6 
95% UCL CONCENTRATION 

AOC NO. 1 
SUBSURFACE SOIL RADIONUCLIDES 

AMERICIUM-241 @CUP) 
IHSS L o d o n  Field ID Sample Dak RCSUlt SQL CRDL Qual ValidQual 
167.1 61192 BH60001WC 10/27/92 0-2 0.01467 0.01467 J A 
167.1 61192 BH60002WC lot27192 2-4 0.02471 0.02471 A 
167.1 6 1292 BH60003 WC 10128192 0-2 0.003687 0.003687 J A 
167.1 61292 BH60004WC 10128192 2-4 0.01089 0.01089 J A 
167.1 61392 BH60006WC 10/29/92 0-2 0.0131 0.0131 A 
167.1 61392 BH60007WC 10/29/92 2-4 0.00275 0.00275 A 
167.1 61492 BH60008WC 10/29/92 0-2 0.006235 0.006235 0.01 1 A 
167.1 61492 BH60009WC 10/29/92 2-4 0.0127 0.0127 A 
167.1 6 1692 BH600 12 WC 11/02/92 0-2 0.003 1 1 0.003 1 1 A 
167.1 6 1692 BH600 13 WC 11/02/92 2-4 0.00229 0.00229 A 
167.1 61792 BH60014WC 11/02/92 0-2 0.00115 0.00115 A 
167.1 61792 BH60015WC 11/02/92 2-4 0.00785 0.00785 A 
167.1 61892 BH60016WC 11/03/92 0-2 0.01995 0.01995 J A 
167.1 61892 BH60017WC 11/03/92 2-4 0.0222 0.0222 A 
167.1 61992 BH60018WC 11/12/92 0-2 0.0224 0.0224 A 
167.1 61992 BH60019WC 11/12/92 2-4.2 0.006 1 0.0061 A 
167.1 62092 BH60020WC 11/12/92 0-2 R 
167.1 62092 BH6002 1 WC 11/12/92 2-4 0.00642 0.00642 A 
167.1 62192 BH60022WC 11/09/92 0-2 0.00189 0.00189 A 
167.1 62192 BH60023WC 11/09/92 2-4 0.00584 0.00584 A 
167.1 62292 BH60024WC 1 0/30/92 0-2 0.014 0.014 A 
167.1 62292 BH60025WC 10/30/92 2-4 0.00103 0.00103 0.005 A 
167.1 62392 BH60026WC 10/30/92 0-2 0.0116 0.01 16 A 
167.1 62392 BH60027WC 10/30/92 2-4 0.00786 0.00786 0.005 A 
167.1 62492 BH60028WC 11/02/92 0-2 0.00513 0.00513 0.006 A 
167.1 62492 BH60029WC 11/02/92 2-4 0.00478 0.00478 A 
167.1 62592 BH60030WC 1 1/09/92 0-2 0.00205 0.00205 0.01 A 
167.1 62592 BH60031WC 1 1/09/92 2-4 0.002 0.002 A 
167.1 62692 BH60032WC 1 1/04/92 0-2 0.015932 0.015932 A 
167.1 62692 BH60033WC 11/04/92 2-4 0.0131 0.0131 0.004 J A 
167.1 62792 BH60034WC 1111 1/92 0-2 0.00107 0.00107 A 
167.1 62792 BH60035WC 1111 1/92 2-4 0.0023 0.0023 A 
167.1 62892 BH60036WC 1111 1/92 0-2 0.00619 0.00619 0.006 A 
167.1 62892 BH60037WC 1111 1/92 2-3.8 0 0 0.009 A 

I 167.1 62992 BH60038WC 11110/92 0-2 0.0143 0 0143 A 

167.1 63092 BH60041 WC 13/04/92 2 4  0.01297 0.01297 J A 
167.1 63192 BH60042WC l1/09/92 0-2 0.0121 0.0121 0.009 A 
167.1 63192 BH60043WC I1/09/92 2-4 0.00621 0.00621 A 
167.1 63292 BH60044WC 11/10/92 0-2 0.00396 0.00396 A 
167.1 63292 BH60045WC 11/10/92 2-4 0.01295 0.01295 0.011 A 
167.1 63392 BH60046WC 1111 1/92 0-2 0.00703 0.00703 A 
167.1 63392 BH60047WC 1111 1/92 24.5 0.0033 0.0033 A 
Number of samples 42 
Number of detects 42 
Minimum detected 0 
Maximum detected 0.0247 
Average 0.0084 
Standard Deviation 0.0064 

1.684 
0 0100 

I 167.1 62992 BH60039WC 11/10/92 2-4 0.0043 0.0043 A 

Statistics based on log normal distribution 
95% UCL (see Table 1) 

BHRAD1.W 
0.0 13 

Page 1 



ATTACEIMENT J1 
TABLE 5 

ROCKY FLATS OU6 
95% UCL CONCENTRATION 

AOC NO. 1 
SUBSURFACE SOIL RADIONUCLIDES 

PLUIy1NlU?~l-239/240 @Wg) 
IHSS Location FieldID Sample Date Rrauh SQL CRDL Qual ValidQual 
167.1 61192 BH60001WC 10/27/92 0-2 0.009362 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167. I 
167.1 
167.1 
167.1 
167.1 
167.1 
167. I 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167. I 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 

61 192 
61292 
6 1292 
61392 
61392 
6 1492 
61492 
61692 
61692 
6 1792 
6 1 792 
6 1892 
61892 
61992 
6 1992 
62092 
62092 
62192 
62192 
62292 
62292 
62392 
62392 
62492 
62492 
62592 
62592 
62692 
62692 
62792 
62792 
62892 
62892 
62992 
62992 
63092 
63192 
63192 
63292 
63292 
63392 

BH60002WC 
BH60003WC 
BH60004WC 
BH60006WC 
BH60007WC 
BH60008WC 
BH60009WC 
BH60012WC 
BH60013 W C  
BH60014WC 
BH60015WC 
BH60016WC 
BH60017WC 
BH600 1 8 W C  
BH60019WC 
BH60020WC 
BH60021 W C  
BH60022WC 
BH60023WC 
BH60024WC 
BH60025WC 
BH60026WC 
BH60027WC 
BH60028WC 
BH60029WC 
BH60030WC 
BH6003 1 W C  
BH60032WC 
BH60033 W C  
BH60034WC 
BH60035WC 
BH60036WC 
BH60037WC 
BH60038WC 
BH60039WC 
BH60041 W C  
BH60042WC 
BH60043 W C  
BH60044WC 
BH60045WC 
BH60046WC 

10/27/92 
10/28/92 
10/28/92 
10/29/92 
10/29/92 
10/29/92 
10/29/92 
1 1 /02/92 
1 1 /02/92 
1 1 /02/92 
11/02/92 
11/03/92 
1 1 103192 
11/12/92 
11/12/92 
11/12/92 
11/12/92 
1 1/09/92 
1 1/09/92 
10/30/92 
10/30/92 
10/30/92 
10/30/92 
1 1 /02/92 
11/02/92 
1 1 /09/92 
1 1/09/92 
1 1/04/92 
1 1/04/92 
1111 1/92 
1111 1/92 
1111 1/92 
1111 1/92 
11/10/92 
11/10/92 
1 1/04/92 
11/09/92 
11/09/92 
11110/92 
11/10/92 
1111 1/92 

24 
0-2 
24 
0-2 
24 
0-2 
24 
0-2 
24 
0-2 
24 
0-2 
24 
0-2 
24.2 
0-2 
24 
0-2 
24 
0-2 
24 
0-2 
24 
0-2 
24 
0-2 
24 
0-2 
24 
0-2 
24 
0-2 
2-3.8 
0-2 
24 
24 
0-2 
24 
0-2 
24 
0-2 

0.00741 
0.01 169 

0.0106 
0.00523 
0.010035 
0.00872 
0.00291 
0.00961 
0.0 I7 

0.00484 
0.06245 
0.01 137 
0.05795 
0.001 53 
0.0183 
0.00474 
0.00422 
0.00112 
0.0546 
0.00097 
0.0047 
0.00575 
-0.00173 
0.00707 
0.00781 
0.00346 
0.07159 
0.0 1442 
0.0013 
0.00159 
0.00512 
0.00185 
0.00877 
-0.001 17 
0.01749 
0.0061 
0.00322 
0.0148 

0.014295 
0.0065 

0.009362 
0.00741 
0.01169 

0.0106 
0.00523 
0.010035 
0.00872 
0.00291 
0.00961 
0.0 17 

0.00484 
0.06245 
0.01 137 
0.05795 
0.00153 
0.0 183 
0.00474 
0.00422 
0.00112 
0.0546 
0.00097 
0.0047 
0.00575 
-0.00173 
0.00707 
0.00781 
0.00346 
0.07159 
0.01442 
0.0013 
0.001 59 
0.00512 
0.00185 
0.00877 
-0.001 17 
0.01749 
0.0061 
0.00322 
0.0148 

0.014295 
0.0065 

J 
J 

0.019 J 

0.008 
0.008 
0.011 
0.007 
0.007 

0.009 

J 
0.007 
0.007 
0.005 

0.005 

0.006 

0.01 1 

0.009 

0.024 
J 

0.01 I 
0.008 

0.006 
0.005 

J 

0.009 
0.006 

. 167.1 63392 BH60047WC 1111 1/92 2-43 0.0019 0.0019 ._ 
Number of samples 42 

A 
A 
A 
R 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

Number of daeas 
Minimum dctcctd 
Maximum dacacd 
Average 
Standard Deviation 
t-value 
95% UCL 

Statistics based on log normal distribution 
W?'o UCL (sa Table 1) 

BHRADI.XLS 
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0.0169 
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ATTACHMENT J1 
TABLE 5 

ROCKY FLATS OU6 
95% UCL CONCENTRATION 

AOC NO. 1 
SUBSURFACE SOIL RADIONUCLIDES . .  

URANIuM-233.-234 (pCi/g) 
IHSS Location Field ID Sample Date Depth RCSUlt SQL CRDL Qual ValidQual 
167.1 0.9392 0.9392 0.023 A 10127192 
167,l 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 

61 192 
61 192 
6 1292 
6 1292 
61392 
61392 
6 1492 
6 1492 
6 1692 
6 1692 
61792 
6 1792 
6 1892 
61892 
6 1992 
61992 
62092 
62092 
62 192 
62192 
62292 
62292 
62392 
62392 
62492 
62492 
62592 
62592 
62692 
62692 
62792 
62792 
62892 
62892 
62992 
62992 
63092 
63192 
63192 
63292 
63292 
63392 

BH60001 WC 
BH60002WC 
BH60003 WC 
BH60004WC 
BH60006WC 
BH60007WC 
BH60008WC 
BH60009WC 
BH60012WC 
BH600 l3WC 
BH600 1 4 WC 
BH6001 SWC 
BH600 16WC 
BH60017WC 
BH60018WC 
BH600 19WC 
BH60020WC 
BH60021 WC 
BH60022WC 
BH60023WC 
BH60024WC 
BH60025WC 
BH60026 WC 
BH60027WC 
BH60028WC 
BH60029WC 
BH60030WC 
BH6003 1 WC 
BH60032WC 
BH60033WC 
BH60034WC 
BH6003S WC 
BH60036WC 
BH60037WC 
BH60038WC 
BH60039WC 
BH60041 WC 
BH60042 WC 
BH60043WC 
BH60044WC 
BH60045WC 
BH60046WC 

10/27/92 
10/28/92 
10/28/92 
10/29/92 
10129192 
10/29/92 
10129192 
11/02/92 
11/02/92 
1 1/02/92 
1 1/02/92 
11/03/92 
11/03/92 
11/12/92 
11/12/92 
11/12/92 
11/12/92 
11/09/92 
11/09/92 
10/30/92 
10/30/92 
10/30/92 
10/30/92 
11/02/92 
11/02/92 
11/09/92 
11/09/92 
11/04/92 
1 t/o4/92 
1111 1/92 
1111 1/92 
1111 1/92 
I111 1/92 
11110/92 
11110/92 
11/04/92 
11/09/92 
1 1/09/92 
11/10/92 
11/10/92 
1111 1/92 

0-2 
2-4 
0-2 
2-4 
0-2 
2-4 
0-2 
2-4 
0-2 
2-4 
0-2 
2-4 
0-2 
2-4 
0-2 

24.2 
0-2 
2-4 
0-2 
2-4 
0-2 
2-4 
0-2 
2-4 
0-2 
2-4 
0-2 
2-4 
0-2 
2-4 
0-2 
2-4 
0-2 

2-3.8 
0-2 
2-4 
2-4 
0-2 
2 4  
0-2 
2-4 
0.2 

0.7499 
1.122 

0.7441 
0.78 

0.517 
0.414 
0.419 
0.526 
0.295 
0.394 
0.417 
1.074 
1.042 

0.9065 
0.706 
0.809 
3.05 
0.43 

0.36s 
0.6 18 
0.387 
0.72 1 
0.563 
0.638 

0.6 
0.691 
0.516 

0.77335 
0.831 1 
0.589 
0.322 
0.591 

I .49 
0.534 
0.386 
1.11s 
0.307 
0.402 
0.944 

0.7005 
0.662 

0.7499 
1.122 

0.7541 
0.78 

0.517 
0.414 
0.419 
0326 
0.295 
0.394 
0.417 
1.074 
1.042 

0.9065 
0.706 
0.809 
3.05 
0.43 

0.36s 
0.618 
0.387 
0.72 1 
0363 
0.638 

0.6 
0.69 I 
0.516 

0.77335 
0.8311 
0.589 
0.322 
0.591 

1.49 
0534 
0.386 
1.115 
0.307 
0.402 
0.944 

0.700s 
0.662 

0.045 A 
0.038 A 
0.041 A 
0.017 A 
0.018 A 
0.017 A 
0.017 A 
0.015 A 
0.015 A 
0.01 1 A 
0.03 1 A 

A 
0.039 A 
0.03 1 A 
0.044 A 
0.014 A 
0.017 A 

A 
0.015 A 
0.018 A 
0.018 A 
0.016 A 

A 
0.014 A 

A 0.016 . 
0.017 A 
0.019 A 
0.063 A 
0.045 A 
0.026 A 

A 
0.016 A 
0.013 A 
0.016 A 

A 
0.043 A 
0.016 A 
0.02s A 
0.014 .A 
0.02 A 

0.017 A 
167.1 63392 BH60047WC 1111 1/92 2-43 0.484 0.484 0.016 A 
Number of samples 43 
Number of detects 43 
Minimumdetedcd 0.295 
Maximumdeteatd 3.011 
Average 0.71 11 
Standard Deviation 0.4435 

, t-value 
95% UCL 

Statistics based on log normal distribution 
95Y0 UCL (see Table 1) 

BHRADl .XLS 
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167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 
167.1 

61192 
61292 
61292 
61392 
61392 
61492 
6 1492 
6 1692 
6 1692 
6 1792 
6 1792 
61892 
61892 
6 1992 
61992 
62092 
62092 
62192 
62192 
62292 
62292 
62392 
62392 
62492 
62492 
62S92 
62S92 
62692 
62692 
62792 
62792 
62892 
62892 
62992 
62992 
63092 
63192 
63192 
63292 
63292 
63392 

ATTACHMENT J1 
TABLE 5 

ROCKY FLATS OU6 
95% UCL CONCENTRATION 

AOCNO. 1 
SUBSURFACE SOIL RADIONUCLIDES 

URANIUM-238 
IHSS Location FieldID Sample Date R a t  SQL CRDL Qual ValidQual 

BH6W1 WC 10/27/92 0-2 0.79S2 0.79S2 A 61192 
BH60002WC 
BH60003WC 
BH60004WC 
BH6OOOSWC 
BH60007WC 
BH60008WC 
BH60009WC 
BH60012 WC 
BH60013 WC 
BH60014WC 
BH6001 5WC 
BH60016WC 
BH600 17WC 
BH60018WC 
BH60019WC 
BH60020WC 
BH6002 1 WC 
BH60022 WC 
BH6OO23 WC 
BH60024WC 
BH60025WC 
BH60026WC 
BH60027WC 
BH60028WC 
BH60029WC 
BH60030WC 
BH6OO3 1 WC 
BH60032WC 
BH60033 WC 
BH60034WC 
BH60035 WC 
BH60036WC 
BH60037WC 
BH60038WC 
BH60039WC 
BH6004 1 WC 
BH60042WC 
BH60043WC 
BH60044WC 
BH60045WC 
BH60046WC 

ion7192 
10/28/92 
10/28/92 
loa9192 
10/29/92 
10/29/92 
10/29/92 
11/02/92 
11/02/92 
11/02/92 
11/02/92 
11/03/92 
11/03/92 
11/12/92 
11/12/92 
11/12/92 
11/12/92 
I 1/09/92 
11/09/92 
10/30/92 
10/30/92 
10/30/92 
10/30/92 
11/02/92 
1 1/02/92 
11/09/92 
1 1 /09/92 
11/04/92 
11/04/92 
1111 1/92 
1111 1/92 
1111 1/92 
1111 1/92 
11/10/92 
11110/92 
11/04/92 
11/09/92 
1 1/09/92 
11/10/92 
11/10/92 
1111 1/92 

2 4  
0-2 
2 4  
0-2 
2 4  
0-2 
2 4  
0-2 
2 4  
0-2 
2 4  
0-2 
2 4  
0-2 

24.2 
0-2 
2 4  
0-2 
2 4  
0-2 
2 4  
0-2 
2 4  
0-2 
2 4  
0-2 
2 4  
0-2 
2 4  
0-2 
2 4  
0-2 

2-3.8 
0-2 
2 4  
2 4  
0-2 
2 4  
0-2 
2 4  
0-2 

0.983 1 
1.06 

0.9021 
0.839 
0.455 
0.337 
0.4 12 
0391 
0.309 
0.521 
0.402 
1.261 

0.7794 
0.948s 
0.888 
0.865 
2.77 

0.401 
0.38 
0.76 

0.551 
0.627 
0.594 
0313 
0.481 
0.566 
0.63s 

1.06535 
0.775 
0.624 
0.706 
0.864 

141 
0.496 
0.358 
0.901 
0.299 
0.308 
0.699 

0.802s 
0587 

0.983 1 
1.06 

0.9021 
0.839 
0.455 
0.337 

' 0.412 
0.591 
0.309 
0.521 
0.402 
1.261 

0.7794 
0.948s 

0.888 
0.86s 
2.77 

0.40 1 
0.38 
0.76 

0.551 
0.627 
0.594 
0.513 
0.481 
0.566 
0.63s 

1.06S3S 
0.775 
0.624 
0.706 
0.864 

141 
0.496 
0.358 
0.90 1 
0.299 
0.308 
0.699 

0.8025 
0.587 

0.027 
0.029 
0.017 
0.0 18 

0.0 17 
0.015 
0.015 

0.03 1 

0.039 
0.022 
0.036 
0.014 
0.017 

0.015 
0.018 

0.014 
0.016 

0.0 19 
0.063 
0.032 
0.0 18 

0.016 

0.016 
0.015 
0.07s 
0.016 
0.018 
0.014 
0.02 

0.017 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

167.1 63392 BH60047WC 1111 1/92 2-4.5 0.484 0.484 0.016 A 

Number of daects 43 
Minimum daeaed 0.299 
Maximum daeaed 141 
Average 3.9673 
standard Deviation 21.1483 
t-value 1.684 
9sYo UCL 9.3984 

Number of samples 43 

Statistics based on log normal distribution 
9sYo UCL (see Table 1) 1.54 
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ATTACHMENT J1 
TABLE 6 

95% UCL CONCENTRATION 
AOC NO. 2,30-ACRE AREA 
SURFACE SOIL METALS 

Location 
SS609792 
SS609892 
ss609992 
SS610492 
SS610592 
SS6 10692 
SS611192 
SS611292 
SS611392 
SS612092 
SS6 I 2  I92 
SS612892 
SS612992 
SS613092 
SS613 192 
88613292 
SS613392 
SS6 13492 
SS6 13592 
SS6 13692 
SS613792 
SS6 13892 
SS613992 
SS614092 
SS614192 
SS6 I4292 
SS614392 
SS614492 
SS614592 
SS614692 
SS614792 
SS6 14892 
SS614992 
SS6 15092 
SS615 192 
SS6 15292 

Field ID 
ss60097wc 

Sample Date 
1 0107/92 
10107/92 
10107/92 
10108/92 
10108/92 
10108/92 
10108/92 
10108/92 
10108/92 
09/28/92 
09/29/92 
09/29/92 
09/29/92 
09/29/92 
1010 1/92 
1010 1 /92 
09/29/92 
09/29/92 
09/29/92 
1010 1/92 
1010 1/92 

5.8 
6.7 

11.2 
13.25 
9.55 

5.1 
5.15 

6.125 
5.1 

IO10 1/92 
1010 1/92 
10101/92 5.05 

I010 1/92 
10101/92 
10105/92 
10105/92 
10105/92 
10/06/92 
10106/92 
10/06/92 
10106192 
10/06/92 
10107/92 

El 18.65 

1-1 
5.35 

m 

SS60098WC 
ss60099wc 
ss6o104wc 
SS60 105 wc 
ss60106wc 
ss60111 wc 
ss601 l2WC 
ss60113wc 
ss6012owc 
ss6012 1 wc 
SS60 128WC 
ss60 129wc 
ss6013owc 
ss6013 1 wc 
ss60132wc 
ss60 133wc 
ss60 I34WC 
SS60135WC 
Ss60136WC 
ss60 I37wC 
SS60 138 WC 
ss60 l39WC 
ss6o140wc 
ss60 14 I wc 
SS60 142WC 
ss60 143wc 
ss60144wc 
ss60145wc 
ss60 146WC 
ss60 147wc 
SS60148WC 
ss60 I49WC 
ss6015owc 
SS6015 1 WC 
SS60 1 52WC 

~ 

141 SS620792 SS60207WC 02/12/93 7.1 14.2 12 u JA 0.45 0.9 2 u  V 
141 SS620892 SS60208WC 02/12/93 7.05 14.1 12 u JA 0.445 0.89 2 u  V 
141 SS620992 SS60209WC 02/12/93 7.05 14.1 12 u JA 0.445 0.89 2 u  V 

1010 1/92 5.15 

5.2 

SQL 
10.6 
10.5 
14.3 
15.1 
18.7 

11 
10.2 
13.7 
10.8 
11.6 
13.4 
22.4 
26.5 
19.1 
10.2 
10.3 

12.25 
10.2 

13 
10.8 
10.4 
17.5 
15.9 
10.1 
10.3 
17.2 

18.65 
14.6 
10.4 
17.9 
15.9 
10.5 
14.3 
14.9 
10.7 
11.9 

CRDL oud Validoual. Result CRDL (3plal 

SILVER (mg/kg) 
SQL IHSS 

141 1.3 
141 0.85 
141 0.88 
141 0.85 
141 0.86 
141 0.89 
141 0.83 
141 0.83 
141 0.88 
141 7.8 
141 52.7 
141 0.82 
141 0.82 
141 0.82 
141 0.83 
141 0.84 
141 0.82 
141 0.83 
141 0.83 
141 0.81 
141 4.9 
141 0.85 
141 0.83 
141 0.82 
141 0.83 
141 0.83 
141 0.84 
141 0.85 
141 2.5 
141 8.9 
141 4.9 
141 1.8 
141 2.2 
141 3.1 
141 3.1 
141 0.88 

- 
12 B 
12 u 
I2 
12 
I2 
I2 u 
12 u 
12 
12 u 
I2 u 
12 u 
12 u 
12 u 
I2 u 

12 u 
12 u 
I2 u 
12 u 
12 B 
I2 u 
12 
12 
12 u 
12 ' U  
12 

' 12 
12 
I2 u 
12 
12 
12 u 
12 
I2 
12 u 
12 B 

12 u 

JA I 1.31 
V 0.425 
JA 0.44 
JA 0.425 
JA 0.43 
V 0.445 
V 0.415 
JA 0.425 
V 
JA 
JA 
JA 0.41 
JA 0.41 
JA 0.41 
V 0.415 
V 0.42 
V 0.41 
V 0.415 
JA 0.415 
JA 0.405 

JA 0.425 
JA 0.415 
V 0.41 
V 0.415 
JA 0.415 
JA 0.42 
V 0.425 
V 

v v i  

;' 

V 
JA 
JA 3.1 
V 
JA 0.44 

2 B  
2 u  
2 u  
2 u. 
2 u  
2 u  
2 u  
2 u  
2 u  
2 
2 
2 u  
2 u  
2 u  
2 u  
2 u  
2 u  
2 u  
2 u  
2 u  
2 
2 u  
2 u  
2 u  
2 u  
2 u  
2 u  
2 u  
2 
2 
2 
2 B  
2 
2 
2 
2 u  

Valid Qual. 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
JA 
JA 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
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ATTACHMENT J1 
TABLE 6 

95% UCL CONCENTRATION 
AOC NO. 2,30-ACRE AREA 
SURFACE SOIL METALS 

- 0 N w w h )  SILVER (mgncg) 
IHSS Location Field ID SampleDatc Result SQL CRDL Qual ValidQual. Result SQL CRDL Qual ValidQual. 
141 SS621092 SS6021OWC 02/12/93 6.45 12.9 I2 u JA 0.405 0.81 2 u  V 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
165 
165 
165 
165 
165 
165 
165 
165 
165 
165 
165 
165 
I65 
165 
165 

SS602892 
SS606792 
SS606892 
ss606992 
SS607192 
SS607292 
SS607592 
SS607692 
SS607892 
SS603092 
SS603 192 
SS603292 
SS606192 
SS606292 
SS606392 
SS606492 
SS606592 
S W 9 2  
sS620092 
sS620192 
SS620292 
SS620392 
SS620492 
SS620592 

Ss6oo28WC 
ss6oo67wc 
Ss60068WC 
ss60069wc 
ss60071wc 
ss6oo72wc 
ss60075 wc 
SS60076WC 
SS60078WC 
ss6oo3owc 
ss6oo3 1 wc 
ss6oo32wc 
ss6oo61wc 
ss6oo62wc 
ss6oo63wc 
sS60064wc 
ss6oo65wc 
ss6oo66wc 
sS602oowc 
ss60201 wc 
sS60202wc 
sS60203wc 
sS60204wc 
SS60205WC 

0 I /06/93 6.85 

10/15/92 
10116/92 
10115/92 
1011 6/92 
10116192 
10/16/92 
1011 6/92 30.8 
01/27/93 
01/27/93 
01/27/93 
10/28/92 
10/28/92 I] 
10/29/92 
10/29/92 
10/29/92 
10/29/92 
01/27/93 
01/29/93 6.4 
01/29/93 7.25 
01/28/93 6 
01/28/93 6.7 
01/28/93 6.2 

13.7 
12.2 
23.8 
38.9 
30.4 
16.5 
18.2 
14.1 
30.8 

13.4 

27.4 
13.1 

12.8 
14.5 

I2 
13.4 
12.4 

12 u 
12 B 
12 
12 
12 
12 
I2 
12 
12 

12 B 

12 
12 B 

12 u 
12 u 
I 2  u 
12 u 
12 u 

JA 0.75 
JA 0.65 
JA 0.65 
JA 0.6 
JA 0.6 
JA 0.65 
JA 0.6 
JA 0.65 
JA 0.65 
R 0.45 
R 0.43 
R 0.435 
R 0.7 
JA 0.7 
R 0.65 
R 0.65 
JA 0.65 
JA 0.7 
R 0.43 
JA 0.4 
JA 0.455 
JA 0.38 
JA 0.425 
JA 0.39 

1.5 2 u  
I .3 2 u  
I .3 2 u  
I .2 2 u  
I .2 2 u  
1.3 2 u  
1.2 2 u  
1.3 2 u  
1.3 2 u  
0.9 2 u  

0.86 2 u  
0.87 2 u  

I .4 2 u  
1.4 2 u  
1.3 2 u  
1.3 2 u  
1.3 .2 u 
I .4 2 u  

0.86 2 u  
0.8 2 u  

0.91 2 u  
0.76 2 u  
0.85 2 u  
0.78 2 u  

V 
V 
V 
V 
V 
v .  
V 
V 
V 
V '  
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

Number of wnplcs 57 64 
Numbaofddects 27 11 
M i n i m u m W  10.6 1.3 
~~~ 38.9 52.7 
A"- 11.84 I .86 
StandardDeViation 7.4 1 6.61 
1-value I .684 1.671 
95% UCL 13.49 3.24 

statidia, based 00 log nomral distribution 
95% UCL (see Table 1) 14.09 2.64 



ATTACHMENT J1 
TABLE 6 ' 

95% UCL CONCENTRATION 
AOC NO. 2.3O-ACRE AREA 
SURFACE SOIL METALS 

141 SS609792 SS60097WC 10/07/92 
10/07/92 
I 0107/92 

141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 

SSMET30.XL.S 

26.5 
28.4 
28.4 

SS609892 
SS609992 
SS610492 
SS610592 
SS610692 
sS61 I192 
SS611292 
SS611392 
SS6 12092 
SS612 I92 
SS612892 
SS612992 
SS6 13 092 
SS6 I3 I92 
SS6 13292 
SS613392 
SS613492 
SS613592 
SS613692 
SS613792 
SS6 13892 
SS613992 
SS614092 
ss614192 
SS6 I4292 
SS6 I4392 
SS614492 
SS614592 
SS614692 
SS614792 
SS614892 
SS614992 
SS615092 
SS6 1 5 192 
SS615292 
SS620792 
SS620892 
SS620992 

SS60098WC 
ss60099wc 
ss60 104wc 
Ss60 105 wc 
SS60 106WC 
ss60111 wc 
ss60112wc 
ss60113wc 
ss6012owc 
sS6012 1 wc 
SS60128WC 
ss60129wc 
ss60 130wc 
ss6013 1 wc 
ss60 132wc 
ss60 l33WC 
ss60 I34WC 
ss60 I35WC 
Ss60 I36WC 
ss60137Wc 
SS60138WC 
SS60 139WC 
SS60 140WC 
ss60141 wc 
ss60142wc 
SS60 I43 WC 
ss60 I44WC 
ss60 145 wc 
ss60 146wc 
Ss60147WC 
SS60 148WC 
sS60149wc 
SS6015OWC 
SS6015 I WC 
ss60152wc 
SS60207WC 
SS60208WC 
SS60209WC 

10/08/92 
10/08/92 
10108/92 
10108/92 
10/08/92 
10/08/92 
09/28/92 
09/29/92 
09/29/92 
09/29/92 
09/29/92 
1010 1/92 
1010 1/92 
09/29/92 
09/29/92 

1010 1/92 
10101/92 
10/01/92 
10101/92 
10101/92 
10/01/92 
10101/92 
1010 1/92 
10/05/92 
10105/92 
10105/92 
10/06/92 
10/06/92 

09/29/92 

26.5 

02/12/93 
0211293 
0211293 28.5 

28.4 
28.4 
32.1 
29.2 
32.5 

32.05 
37.6 
28.2 
25.3 
22.2 
67.2 
75.9 
75.5 
38.5 
25.2 

34.55 
34.4 
36.3 
33.3 
32.7 
33.5 
31.6 
35.2 
31.7 
43.6 
34.4 
37.6 
35.5 
30.5 
32.1 
33.8 
34.2 

35.45 
32.8 
35.5 
20.9 
27.1 
28.5 

IO 
10 
10 
IO 
IO 
IO 
IO 
IO 
10 
10 
10 
IO 
IO 
IO 
10 
10 
IO 
IO 
IO 
IO 
10 
10 
10 
10 
IO 
IO 
10 
10 
10 
10 
10 
10 
IO 
10 
10 
10 
10 

10 . 
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IO 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
v 

H 70.2 

59.55 

61.9 
244 
650 
81.2 
67. I 
84.3 
70.8 
75.2 

89.35 
80.5 

87 
I 82.31 

60.1 
64.2 
153 

70.2 
89.6 
207 

59.55 
49.1 
61.9 
244 
650 
81.2 
67.1 
84.3 -,. 
70.8 
75.2 

89.35 
80.5 
87 

82.3 
77.1 

61 
52.3 

66 
67.1 
77.7 

64.95 
67.4 
65.1 
72.6 
73.5 
85.1 
89.5 
80.4 
67.6 
65.7 
58.6 
54.7 
56.2 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
V 
V 
V 
JA 
JA 
JA 
JA 
JA 
JA 
V 
V 
V 



ATTACHMENT J1 
TABLE 6 

95% UCL CONCENTRATION 
AOC NO. 2,30-ACRE AREA 
SURFACE SOIL METALS 

IHSS Location FieldID Sample Date Result SQL CRDL Qual ValidQual. Result SQL CRDL Qual VdidQual. 
I41 SS621092 SS6021OWC 02/12/93 I 19.71 19.7 10 V 89.2 89.2 4 V 

57.3 156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
165 
165 
16s 
165 
165 
165 
165 
165 
165 
165 
165 
165 
165 
165 
165 

ss602892 
s-792 
SS606892 
SS606992 
SS607192 
SS607292 
SS607592 
SS607692 
SS607892 
SS603092 
SS603 192 
SS603292 
SS606192 
SS606292 
SS606392 
SS606492 
SS606592 
SS606692 
sS620092 
SS620192 
SS620292 
SS620392 
SS620492 
SS620592 

SS60028WC 
ss6oo67wc 
SS60068WC 
ss6oo69wc 
SS60071 WC 
sS60072wc 
sS60075wc 
SS60076WC 
SS60078WC 
sS6003owc 
SS6003 I WC 
SS60032WC 
SS6006l WC 
Ss60062WC 
ss6oo63wc 
ss6oo64wc 
ss6oo65wc 
ss6oo66wc 
sS602oowc 
ss60201wc 
ss6o202wc 
~ ~ 6 0 2 0 3  wc 
ss60204wc 
~ ~ 6 0 2 0 5  wc 

01/06/93 ~~~ 20.41 
10115/92 
I011 5/92 
1011 6/92 
10/15/92 
101 16/92 
1011 6/92 
10/16/92 
1011 6/92 
01/27/93 
01/27/93 
01/27/93 
10/28/92 
10/28/92 
10/29/92 
10/29/92 
10/29/92 
i o n 9 ~ 2  
o i n 7 ~ 3  
01/29/93 
01/29/93 
01/28/93 
01/28/93 
03/28/93 

20.4 
24 

37.5 
40.1 
44.2 
42.7 
38.6 
37.8 
49.9 
20.2 
15.3 
20.9 
24.1 
20.8 
19.9 

I7 
18.65 
34.8 
13.7 
26.4 
13.9 
12.7 
16.4 
19.1 

IO V 
10 ' JA 
10 JA 
10 JA 
10 JA 
10 JA 
IO JA 
10 JA 
10 JA 
10 V 
10 V 
10 V 
10 V 
10 V 
10 V 
10 V 
10 V 
10 V 
10 V 
10 V 
10 V 
10 V 
10 V 
10 ' ' V  

I 45.71 

H 34.4 

48.6 

38.9 
46.8 

34.3 

57.3 
46.5 
48. I 
72.3 
53.6 
50.6 
45.7 
58.5 
61.6 
74.7 
34.4 
37.5 
68.4 
86.3 
85.6 
48.6 
77.2 
117 

42.9 
52.3 
38.9 
46.8 
33.9 
34.3 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

Numba of samples 
Numbaofdcteas 
Minimum* 
Maximumd&stuJ 
Average 
standard Deviation 
1-value 
95% UCL 

64 
64 

12.7 
75.9 

31.55 
12.29 
1.671 
34.12 

64 
64 

33.9 
650 

81.11 
79.30 
1.671 
97.68 

statistics based on log Mnmal distribution 
9% UCL (SCC Table 1) 34.3 1 85.66 



ATTACHMENT J1 
TABLE 7 

95% UCL CONCENTRATION 
AOC NO. 2,30-ACRJE AREA 

SURFACE SOIL RADIONUCLIDES 

AMERICIUM-241 @CUP) PLUTONIUM-2391240 @Ci/g) 
IHSS Locaton FieldId Sample Date Result SQL CRDL Qual ValidQual Result SQL CRDL Qual ValidQual 

SS609792 SS60097WC 10107/92 0.5903 0.5903 A 1.513 141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 
141 

SS609892 
SS609992 
SS610492 
SS610592 
55610692 
SS611192 
SS611292 
SS611392 
SS612092 
SS612192 
SS612892 
sS612992 
SS613092 
SS613192 
SS613292 
SS613392 
SS613492 
SS613592 
SS613692 
SS613792 
SS6 13892 
SS6 13992 
SS614092 
SS614192 
SS614292 
SS614392 
SS6 14492 
SS614592 
SS614692 
SS614892 
SS6 14992 
SS615092 
SS615192 
SS615292 
SS620792 
SS620892 

SS60098WC 
sS60099wc 
ss60104wc 
sS60105wc 
ss60106wc 
ss60111wc 
ss601 l2WC 
SS60113WC 
SS6012OWC 
sS60121 wc 
SS60 128WC 
SS60 129wc 
s w  130wc 
ss6013 1 wc 
SS60 132wc 
sS60133wc 
ss60134wc 
SS60 135wc 
Ss60136WC 
SS60137WC 
SS60 138WC 
SS60 139 WC 
SS60 140WC 
~ ~ 6 0 1 4 1  wc 
ss60 142wc 
SS60143WC 
SS60 144WC 
sS60 145wc 
SS60 146 WC 
SS60148WC 
SS60 149WC 
ss60150wc 
SS6015 1 WC 
SS60152WC 
SS60207WC 
SS60208WC 

10107/92 
10107/92 
10108/92 
10/08/92 
10/08/92 
10108/92 
10108/92 
10108/92 
09/28/92 
09/29/92 
09/29/92 
09129~2 
09/29/92 
10101/92 
10/01/92 
09/29/92 

09/29/92 
10/01/92 
10101/92 
10101/92 
10101/92 
1010 1/92 
1010 1/92 
1010 1/92 
10101/92 
10105192 
10/05/92 
10105/92 
10/06/92 
10/06/92 
1 0106/92 
10/06/92 
10107/92 
02/12/93 
02/12/93 

09/29/92 

0.3039 
0.291 

0.4133 
1.842 

0.5622 
0.52515 
0.3364 
0.5655 

0.3039 
0.291 

0.4133 
1.842 

0.5622 
0.52515 
0.3364 
0.5655 0.005 

0.5655 
0.7374 

1.156 
0.2982 
0.81 11 

1.22815 
1.551 

0.2669 
0.4044 
0.2531 

0.5655 
0.7374 

1.156 
0.2982 
0.81 11 

1.2281 5 
1.551 0.006 

0.2669 
0.4044 0.003 
0.253 1 0.003 

A 
A 
A 
A 
A 
A 
A 
A 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

0.3292 
0.1873 

1.049 
10.38 

0.3806 
1.9235 
2.612 
1.787 
0.709 

0.142 
0.433 

0.0566 
2.61 

0.639 
0.303 
0.238 
0.369 
0.444 
0.845 
2.568 
1.618 
3.062 
0;639 
3.487 

3.8675 
3.844 

0.7332 
0.3646 
0.3671 

1.513 
0.3292 
0.1873 

1.049 
10.38 

0.3806 
1.9235 
2.6 12 
1.787 
0.709 

0.142 
0.433 

0.0566 
2.61 

0.639 
0.303 
0.238 
0.369 
0.444 
0.845 
2.568 
1.618 
3.062 
0.639 
3.487 

3.8675 
3.844 

0.7332 
0.3646 
0.3671 

0.025 A 
A 
A 
A 
A 
A 
A 

0.015 A 
A 
A 
R 
R 
R 
R 
A 
A 
R 
R 
R 
A 
A 
A 
A 
A 
A 
A 
A 
A 

0.006 A 
A 
A 

0.024 A 
0.037 A 

A 
A 

0.009 A 
0.007 A 

SSRALl30.XLS Page 1 



A'ITACHMENT J1 
TABLE 7 ' 

95% UCL CONCENTRATION 
AOC NO. 2,M-ACRE AREA 

SURFACE SOIL RADIONUCLIDES 

AMERICILIM-241 @C;/g) PLUTONIUM-239/240 @CY& 

I41 
141 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
165 
165 
165 
I65 
165 
165 
165 
165 
I65 
165 
165 
165 
165 

SS620992 
SS62 1092 
SS602892 
SS606792 
SS606892 
SS606992 
SS607192 
SS607292 
SS607592 
SS607692 
88607892 
SS603092 
SS603 192 
SS603292 
SS606 192 
SS606292 
SS606392 
SS606492 
SS606592 
SS606692 
SS620092 
SS620 192 
SS620292 
SS620392 

SS60209WC 
ss602 IOWC 
SS60028WC 
SS60067WC 
SS60068WC 
ss60069wc 
SS60071 WC 
ss60072wc 
ss6oo75wc 
SS60076WC 
SS60078WC 
SS60030 WC 
ss6003 1 wc 
ss60032wc 
ss60061wc 
ss6oo62wc 
sS60063wc 
ss60064wc 
ss6oo65wc 
ss6oo66wc 
sS60200wc 
ss60201wc 
ss6o202wc 
ss6o203wc 

02/12/93 
01/06/93 
lO/I5/92 
10115/92 
10/16/92 
10/15/92 
10/16/92 
1011 6/92 
10/16/92 
1011 6/92 
01/27/93 

01/27/93 
10/28/92 
30/28/92 
lot29192 

10/29/92 
10/29/92 
01/27/93 
OI/29/93 
01/29/93 

01127193 

ion9192 

01/28/93 

0.5925 
0.1009 
0.0476 
0.162 

0.07033 
0.1068 

0.09206 
0.06872 
0.3012 

0.064 19 
I .64 

0.0671 
0.499 

0.9943 
0.0248 I 

1.083 
1.328 

3.2425 
3.027 
0.302 

2.44 
0.1591 

0.5925 
0.1009 
0.0476 

0.162 
0.07033 
0.1068 

0.09206 
0.06872 
0.3012 

0.06419 
I .64 

0.0671 
0.499 

0.9943 
0.02481 

1.083 
1.328 

3.2425 
3.027 
0.302 
2.44 

0.1591 

IHSS Lofation Field Id Sample Date RCSUlt SQL CRDL Qual ValidQual Result SQL CRDL Qual ValidQual 
0.003 A 0.3522 0.3522 0.004 A 02/12/93 0.3786 0.3786 
0.006 A 

A 
A 
A 
A 
A 

. A  
A 
A 
A 

0.0 13 
0.0095 
0.0032 

A 
A 

0.0 I8 A 
A 
A 
A 

0.0091 
A 
A 
R 

0.9841 
0.1216 

0.06847 
0.09816 
0.06659 
0.06906 
0.09897 
0.03398 
0.6637 

0.06426 
I .76 

0.0324 
0.384 

0.06033 
0.5102 

0.8529 
2.5625 
3.148 
0.225 
6.241 

0.0945 
1.346 

0.7775 

0.9841 
0.1216 

0.06847 
0.09816 
0.06659 
0.06906 
0.09897 
0.03398 
0.6637 

0.06426 
I .76 

0.0324 
0.384 

0.06033 
0.5102 

0.8529 
2.5625 
3.148 
0.225 
6.241 

0.0945 
1.346 

o.ms 

0.004 A 
A 

0.02 A 
0.018 A 
0.008 A 

A 
A 
A 
A 
A 

0.0094 
0.0095 
0.0036 

A 
A 

0.027 A 
0.0 I8 A 
0.047 A 
0.045 A 
0.004 

A 
A 

0.009 A 

165 SS620492 SS60204WC 01/28/93 R 15.22 15.22 0.005 A 
Number of samples 42 55 
Number of dacas 42 55 
Minimumddtdal 0.0248 0.0324 
thximumddtdal 3.2425 15.22 
Average 0.7022 I.5152 
StMdardDeViation 0.7690 2.5763 
1-due 1.684 1.684 
95% UCL 0.9020 2.1002 

1.2700 3.1000 
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a 
ATTACHMENT J1 

TABLE 8 
95% UCL CONCENTRATION 

AOC NO. 2 ,  TOTAL AREA 
SURFACE SOIL METALS 

ANTIMONY(rng/kg) SILVER (m&) 
IHSS Location 
141 SS609792 
141 SS609892 
141 SS609992 
141 SS610492 
141 SS61OS92 
141 SS610692 
141 SS611192 
141 SS611292 
141 88613392 
141 81612092 
141 SS612192 
141 SS612892 
141 SS612992 
141 SS613092 
141 SS613192 
141 SS613292 
141 SS613392 
141 SS613492 
141 SS613S92 
141 13613692 
141 SS613792 
141 SS613892 
141 SS613992 
141 SS614092 
141 SS614192 
141 SS614292 
141 88614392 
I41  SS614492 
141 SS614S92 
141 SS614692 
141 SS614792 
141 SS614892 
141 SS614992 
141 SS61SO92 
141 SS61S192 
141 SS61S292 
141 SS620792 
141 SS620892 
141 SS620992 
141 SS621092 
1 S6.2 SS602892 
1 S6.2 SS602992 
1S6.2 SS606792 
1 S6.2 SS606892 
156.2 SS606992 
1S6.2 SS607092 
lS6.2 SS607192 
1S6.2 SS607292 
1S6.2 SS607392 
1S6.2 SS607492 
1S6.2 SS607S92 
1 S6.2 SS607692 

Field ID 
SS60097WC 
SS60098WC 
SS60099WC 
SS60104WC 
SS60 10s WC 
SS60 106WC 
SS60111WC 
SS60 1 12 WC 
SS60113WC 
SS6012OWC 
SS60121WC 
SS60128WC 
SS60129WC 
SS60 130 WC 
SS6013 I WC 
SS60132WC 
SS60 I33 WC 
SS60 134WC 
SS6013SWC 
SS60 136WC 
SS60137WC 
SS60 138WC 
SS60139WC 
SS60 140WC 
SS60 14 I WC 
SS60142WC 
SS60143U'C 
SS60 144WC 

SS6014SWC 
SS60 I46WC 
SS60 l47WC 
SS60148WC 
SS60149WC 
SS601SOWC 
SS6OlS 1 WC 
SS601S2WC 
SS60207WC 
SS60208 WC 
SS60209WC 
SS6021OWC 
SS60028WC 
SS60029WC 
SS60067WC 
SS60068WC 
SS60069WC 
SS6007OWC 
SS60071 WC 
SS60072WC 
SS60073WC 
SS60074WC 
SS6007S WC 
SS60076WC 

10/07/92 
10/07/92 
10/08/92 
10/08/92 
10/08/92 
10/08/92 
10/08/92 
10/08/92 

.09/28/92 
09/29/92 
09/29/92 
09/29/92 
09/29/92 
1010 1/92 
1010 1/92 
09/29/92 
09/29/92 
09/29/92 
10/01/92 
I010 1/92 
IOIO 1/92 
1 010 1 192 
1 010 I 192 

Result 

Gl 18.7 5 3  

5. I 113.71 
s.4 
S.8 
6.7 

11.2 
13.2s 
93s 
s. 1 

5 1 s  
6.12s 
s. I 

d1 
s.os 

I010 1/92 

I0106/92 
IO106l92 
lOlO6/92 
I OlO6192 
I 0/06/92 s.3s 

02/12/93 7.1 
l0/07/92 111.91 
02/12/93 7.0s 
q2/12/93 7.0s 
02/12/93 6.4s 
0 1/06/93 6.8s 
0 1/06/93 
IO/lS/92 
1011 5/92 
1011 6/92 
1011 SI92 
loll SI92 
1011 6/92 
1011 6/92 
10116l92 

fl 
1011 6/92 
1011 6/92 

SQL CRDL Qual ValidQual. Result 
10.6 12 B JA I 1.31 
103 12 u V 0.42s 
14.3 12 JA 0.44 
1S.l 12 JA 0.42s 
18.7 I 2  JA 0.43 

11 12 u V 0.44s 
10.2 12 u V 0.41s 
13.7 12 JA 0.42s 
10.8 
11.6 
13.4 
22.4 

12 
12 
12 
12 

U 
U 
U 
U 

V 
JA 
JA 
JA 

263 12 U JA 
19.1 12 U JA 
10.2 12 u V 
10.3 12 U V 

12.2s 12 u V 
10.2 12 u V 

13 12 U JA 
10.8 12 B JA 
10.4 12 U V 
173 12 JA 
lS.9 12 JA 
10.1 12 u V 
10.3 12 U V 
17.2 12 JA 

18.6s I 2  JA 
14.6 I 2  V 
10.4 12 U V 
17.9 I 2  V 
1S.9 12 JA 
103 12 u V 
14.3 12 JA 
14.9 12 JA 
10.7 12 U V 
11.9 12 B JA 
14.2 12 U JA 
14.1 12 U JA 
14.1 12 U JA 
12.9 12 U JA 
13.7 12 U JA 
lS.2 12 u JA 
12.2 12 B JA 
23.8 12 JA 
38.9 12 JA 
22.9 12 JA 
30.4 12 JA 
163 12 JA 

R 
23.1 12 JA 
18.2 12 JA 
14.1 12 JA 
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0.41 
0.41 
0.41 

0.41s 
0.42 
0.41 

0.41s 
0.41s 

0.42s 
0.41s 
0.41 

0.41s 
0.41s 
0.42 

0.42s w 
3.1 

0.44 
0.4s 

0.445 
0.44s 
0.40s 
0.7s 
0.8 

0.6s 
0.6s 
0.6 

0.6s 
0.6 

0.6s 
0.6s 
0.6s 
0.6 

0.6s 

SQL CRDL Qual 
1.3 2 B  

0.8s 2 u  
0.88 2 u  
0.89 2 u  
0.86 2 u  
0.89 2 u  
0.83 2 u  
0.85 2 u  
0.88 2 u  
7.8 2 

52.7 . 2 
0.82 2 u  
0.82 2 u  
0.82 2 u  
0.83 2 u  
0.84 2 u  
0.82 2 u  
0.83 2 u  
0.83 2 u  
0.81 2 u  

0.8s 2 u  
0.83 2 u  
0.82 2 U '  

4.9 2 

0.83 2 u  
0.83 2 u  
0.84 2 u  
0.8s 2 u  

2 3  2 
8.9 2 
4.9 2 
1.8 2 ' B  
2.2 2 
3.1 2 
3.1 2 

0.88 2 u  
0.9 2 u  

0.89 2 u  
0.89 2 u  
0.81 2 u  

1.s 2 u  
1.6 2 u  
1.3 2 u  
1.3 2 u  
1.2 2 u  
1.3 2 u  
1.2 2 u  
1.3 2 u  
I .3 2 u  
1.3 ' 2 U . '  

I .2 2 u  
1.3 2 u  

Valid Qual. 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
JA 
JA 
JA 
V 
V 
V 
v .  
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 



ATTACHMENT J1 
TABLE 8 

95% UCL CONCENTRATION 
AOC NO. 2 ,  TOTAL AREA 
SURFACE SOIL METALS 

156.2 SS607792 SS60077WC 10/16/92 43.6 
1011 6/92 30.8 
10/19/92 20.5 
10119/92 29 
10/19/92 24.2 
101 19/92 20.1 

43.6 12 JA 0.65 1.3 2 u  V 

20.5 I2 JA 0.65 1.3 2 u  V 

24.2 12 JA 0.65 1.3 2 u  V 
20.1 12 JA 0.65 1.3 2 u  V 

30.8 12 JA 0.65 '1.3 2 . u  V 

29 12 JA 0.65 1.3 2 .u V 

156.2 88607892 
156.2 SS607992 
156.2 SS608092 
156.2 SS608192 
156.2 SS608292 
156.2 SS608392 
156.2 SS608492 
156.2 SS608592 
156.2 SS608692 
165 SS603092 
165 SS603192 
165 SS603292 
165 SS606192 
165 SS606292 
165 SS606392 
165 SS606492 
165 SS606592 
165 SS606692 
165 SS620092 
165 88620192 
165 38620292 
165 SS620392 
165 SS620492 
165 SS620592 

SS60078WC 
SS60079WC 
SS6008OWC 
SS6OO81 WC 
SS60082WC 
SS60083 WC 
SS60084WC 
SS60085WC 
SS60086WC 
SS6003OWC 
SS6OO3 1 WC 
SS60032WC 
SS6OO61 WC 
SS60062WC 
SS60063WC 
SS60064WC 
SS60065WC 
SS60066WC 
SS602OOWC 
SS60201 WC 
SS60202WC 
SS60203WC 
SS60204WC 
SS60205WC 

~ p1 IO/ 19/92 
10/20/92 
10/20/92 
10/20/92 23.6 
01/27/93 
01/27/93 
01/21/93 
10/28/92 
10/28/92 -1 
10/29/92 

10/29/92 
10/29/92 
0 1 I27193 
01/29/93 6.4 
01/29/93 7.25 
01/28/93 6 
01/28/93 6.7 

10129192 

-1 

20.2 12 JA 
30.2 12 JA 
18.3 12 JA 
23.6 12 JA 

R 
R 
R 
R 

13.4 12 B JA 
R 
R 

27.4 12 JA 
13.1 12 B JA 

R 
12.8 12 U JA 
14.5 ' 12 U JA 

12 12 u JA 
13.4 12 U JA 

0.65 
0.65 
0.65 
0.65 
0.45 
0.43 

0.435 
0.7 
0.7 

0.65 
0.65 
0.65 
0.7 

0.43 
0.4 

0.455 
0.38 

0.425 

1.3 2 u  V 
1.3 2 u  V 
1.3 2 u  V 
1.3 2 u  . v  

0.86 2 u  V 
0.87 2 u  V 

1.4 2 u  V 
I .4 2 u  V 
1.3 z u  V 
1.3 2 u  V 
1.3 2 u  V 
1.4 2 u  V 

0.86 2 u  V 
0.8 2 u  V 

0.91 2 u  ' V  
0.76 z u  V 
0.85 2 u  V 

0.9 , 2 u  V 

01/28/93 6.2 12.4 12 U JA 0.39 0.78 2 u  V 
Number of samples 69 77 
Number of daeas 
Minimum deteded 
Maximum deteded 
Average 
Standard Deviation 
t-value 
95% UCL 

38 
10.6 
43.6 

13.88 
8.76 

1.671 
15.65 

Statistics based on log normal distribution 
95% UCL (see Table 1) 16.49 

11 
1.3 

52.7 
1.66 
6.04 

1.671 
2.81 

2.3 1 
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141 SS609892 
141 SS609992 
141 SS610492 
141 SS610592 
141 SS610692 
141 SS611192 
141 SS611292 
141 SS611392 
141 SS612092 
141 SS612192 
141 SS612892 
141 SS612992 
141 SS613092 
141 SS613192 
141 SS613292 
141 55613392 
141 SS613492 
141 SS613592 
141 SS613692 
141 SS613792 
141 SS613892 
141 55613992 
141 SS614092 
141 SS614192 
141 SS614292 
141 SS614392 
141 SS614492 
141 SS614592 
141 SS614692 
141 SS614792 
141 SS614892 
141 SS614992 
141 SS615092 
141 SS615192 
141 SS615292 
141 SS620792 
141 SS620892 
141 SS620992 
141 SS621092 
156.2 SS602892 
156.2 SS602992 
156.2 SS606792 
156.2 SS606892 
156.2 SS606992 
156.2 SS607092 
156.2 SS607192 
156.2 SS607292 
156.2 SS607392 
156.2 SS607492 
156.2 SS607592 
156.2 SS607692 

IHSS Location FieldID 
141 SS609792 SS60097WC 

SS60098WC 
SS60099WC 
SS60104WC 
SS60105 WC 
SS60106WC 
SS60111 WC 
SS60 I l2WC 
SS60 1 13 WC 
SS60 12OWC 

Sample Date 
10/07/92 
10/07/92 
10/07/92 
10/08/92 
10/08/92 
10/08/92 
10/08/92 
10/08/92 
10/08/92 
09/28/92 

ATTACHMENT J1 

95% UCL CONCENTRATION 
AOC NO. 2 ,  TOTAL AREA 
SURFACE SOIL METALS 

TABLE8 , 

SSMET2.XLS 

SQL 
26.5 
28.4 
28.4 
32.1 
29.2 
32.5 

32.05 
37.6 
28.2 
25.3 

- CRDL 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

- SQL CRDL Qual Valid Qual. 
60.1 4 JA 
64.2 4 JA 
153 4 JA 

70.2 4 JA 
89.6 4 JA 
207 4 JA 

59.55 4 JA 
49.1 4. JA 
61.9 4 JA 
244 4 JA 

SS60121 WC 09/29/92 
SS60128WC 09/29/92 
SS60129WC 09/29/92 
SS6013OWC 09/29/92 
SS60 13 1 WC 1010 1/92 
SS60 132 WC 1010 1/92 
SS60133WC 09/29/92 
SS60 134 WC 09/29/92 
SS60135WC 09/29/92 
SS60136WC 10/01/92 
SS60137WC 10/01/92 
SS60 138WC 1010 1/92 
SS60139 WC IO/O 1/92 
SS6014OWC 10/01/92 
SS60141WC 10/01/92 31.7 
SS60142WC 10/01/92 I 43.61 
SS60 143 WC 1010 1/92 
SS60144WC 10/05/92 
SS60145WC 10/05/92 
SS60146WC 10/05/92 1 30.51 
SS60147WC 10/06/92 
SS60148WC 10/06/92 
SS60149WC 10/06/92 
SS6015OWC 10/06/92 35.45 
SS6015I WC 10/06/92 
SS60152WC 10/07/92 
SS60207WC 02/12/93 
SS60208WC 02/12/93 
SS60209WC 02/12/93 
SS602 10 WC 02/12/93 
SS60028WC 01/06/93 20.4 
SS60029WC 01/06/93 
SS60067WC IOll5/92 
SS60068WC 1011Y92 37.5 
SS60069WC 10/16/92 
SS6007OWC 10115/92 
SS60071WC 10/15/92 
SS60072WC 10/16/92 
SS60073WC 10/16/92 
SS60074WC 10116/92 
SS60075WC 10/16/92 38.6 
SS60076WC 10/16/92 37.8 

Qual VdidQual. Reeuh 

89.6 
201 

V 59.55 

V 1% 
V 

22.2 
67.2 
75.9 
75.5 
38.5 
25.2 

34.55 
34.4 
36.3 
33.3 
32.7 
33.5 
31.6 
35.2 
31.7 
43.6 
34.4 
37.6 
35.5 
30.5 
32.1 
33.8 
34.2 

35.45 
32.8 
35.5 
20.9 
27.1 
28.5 
19.7 
20.4 
25.2 

24 
37.5 
40.1 

44 
44.2 
42.7 
31.8 

35 
38.6 
37.8 

Page 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
'IO 
IO 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
IO 
10 
IO 
10 
IO 
10 
10 
10 
10 

3 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 

650 
81.2 
67.1 
84.3 
70.8 
75.2 

89.35 
80.5 

87 
82.3 
77.1 

61 
52.3 

66 
67.1 
77.7 

64.95 
67.4 
65.1 
12.6 
73.5 
85.1 
89.5 
80.4 
67.6 
65.7 
58.6 
54.7 
56.2 
89.2 
57.3 

48 
46.5 
48.1 
72.3 
49.3 
53.6 
50.6 
56.2 
62. I 
45.7 
58.5 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
V 
V 
V 
JA 
JA 
JA 
JA 
JA 
JA 
V 
V 
V 
V 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 



ATTACHMENT J1 
TABLE 8 

95% UCL CONCENTRATION 
AOC NO. 2 ,  TOTAL AREA 
SURFACE SOIL METALS 

156.2 SS607892 
156.2 SS607992 
156.2 SS608092 
156.2 SS608192 

.156.2 SS608292 
156.2 SS608392 
156.2 SS608492 
156.2 SS608592 
156.2 88608692 
165 SS603092 
165 SS603192 
165 SS603292 
165 SS606192 
165 SS606292 
165 SS606392 
165 SS606492 
165 SS606592 
165 SS606692 
165 SS620092 
165 SS620192 
165 SS610292 
165 SS620392 
165 SS620492 
165 SS620592 

SS60078WC 
SS60079WC 
SS6008OWC 
SS6008 1 WC 
SS60O82 WC 
SS6OO83 WC 
SS60084WC 
SS60085WC 
SS60086WC 
ss60030wc 
SS6003 I WC 
ss60032wc 
SS6006 1 WC 
SS60062WC 
SS6OO63 WC 
SS60064WC 
SS60065WC 
SS60066WC 
SS602OOWC 
SS60201 WC 
SS60202WC 
SS60203WC 
SS60204WC 
SS60205WC 

67.5 4 JA 
41.75 10 66.95 4 JA 

39.9 IO 
39.4 IO 
20.2 IO 
15.3 IO 

18.65 10 
34.8 IO 

12.7 10 
16.4 IO 

Number of samples 77 77 
Number of detects 77 77 
Minimumdctected 12.7 33.9 
Maximum dckctcd 75.9 650 
Average 33.41 77.25 
Standard Deviation 12.56 . 72.87 
1-value 1.671 1.671 
95% UCL 35.81 91.13 

Statics b a d  on log normal dislribution 
95% UCL (see Table 1) 

SSMET2.XI.S 
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ATTACHMENT J1 
TABLE 9 

95% UCL CONCENTRATION 
AOC NO. 2, TOTAL AREA 

SURFACE SOIL RADIONUCLIDES 
AMERICIUM-241 (Pcdg) PLuTONlUb4-239/240 @CUB) 

IHSS Location Fieldld SampleW Result SQL CRDL Qual ValidQual Resuh SQL CRDL Qual ValidQual 
141 SS609792 SS60097WC 
141 SS609892 SS60098WC 
141 SS609992 SS60099WC 
141 SS610492 SS60104WC 
141 SS610592 SS60105WC 
141 SS610692 SS60106WC 
141 SS611192 SS6011lWC 
141 SS611292 SS601 l2WC 
141 38611392 SS60113WC 
141 SS612092 SS6012OWC 
141 38612192 SS60121WC 
141 SS612892 SS60128WC 
141 SS612992 SS60129WC 
141 83613092 SS6013OWC 
141 SS613192 SS60131WC 
141 88613292 SS60132WC 
141 SS613392 SS60133WC 
141 SS613492 SS60134WC 
141 SS613592 SS60135WC 
141 SS613692 SS60136WC 
141 SS613792 SS60137WC 
141 SS613892 SS60138WC 
141 SS613992 SS60139WC 
141 SS614092 SS60140WC 
141 SS614192 SS60141WC 
141 SS614292 SS60142WC 
141 823614392 SS60143WC 
141 38614492 SS60144WC 
141 SS614592 SS60145WC 
141 SS614692 SS60146WC 
141 SS614892 SS60148WC 
141 SS614992 SS60149WC 
141 SS615092 SS6015OWC 
141 SS615192 SS6015lWC 
141 SS615292 SS60152WC 
141 SS620792 SS60207WC 
141 SS620892 SS60208WC 
141 SS620992 SS60209WC 
141 SS621092 SS6021OWC 
156.2 SS602892 SS60028WC 
156.2 SS606792 SS60067WC 
156.2 SS606892 SS60068WC 
156.2 SS606992 SS60069WC 
156.2 SS607092 SS6007OWC 
156.2 55607192 SS60071WC 
156.2 SS607292 SS60072WC 
156.2 SS607392 SS60073WC 
156.2 SS607492 SS60074WC 
156.2 SS607592 SS60075WC 
156.2 88607692 SS60076WC 
156.2 SS607792 SS60077WC 
156.2 SS60i892 SS60078WC 
156.2 SS607992 SS60079WC 

ssRAD2.xLs 

10/07/92 
10/07/92 
10/07/92 
10/08/92 
10/08/92 
10/08/92 
10/08/92 
10/08/92 
10/08/92 

09/29/92 
09/29/92 
09/29/92 
09/29/92 
1010 1/92 
1010 1/92 
09/29/92 
09/29/92 
09/29/92 
10/01/92 
1010 1/92 
1010 1/92 
1010 1/92 
10/01/92 
10/01/92 
10/01/92 
10/01/92 
10/05/92 
10/05/92 
10/05/92 
10/06/92 
10/06/92 
10/06/92 
10/06/92 
10/07/92 
02/12/93 
02/12/93 
02/12/93 
02/12/93 
0 1/06/93 
1011 5/92 
1011 5/92 
IO/16/92 
1011 5/92 
IO11 5/92 
10/16/92 
1011 6/92 
1011 6/92 
1011 6/92 
10/16/92 
10/16/92 
IO116/92 
101 19/92 

09/28/92 

03903 
0.3039 
0.291 

0.4133 
1.842 

0.5622 
0.52515 
0.3364 
0.5655 

0.56S5 
0.7374 

1.156 
0.2982 
0.81 11 

1.22815 
1.551 

0.2669 
0.4044 
0.2531 
0.3786 
0.5925 
0.1009 
0.0476 
0.162 

0.07033 
0.04867 
0.1068 

0.09206 
0.04182 
0.08041 
0.06872 
0.3012 

0.03487 
0.06419 
0.0186 

03903 
0.3039 
0.291 

0.4133 
I .842 

0.5622 
0.525 15 
0.3364 
0.5655 0.005 

0.565s 
0.7374 

1.156 
0.2982 
0.8111 

1.228 15 
1.551 0.006 

0.2669 
0.4044 0.003 
0.2531 0.003 
0.3786 0.003 
0.5925 0.006 
0.1009 
0.0476 
.0.162 

0.07033 
0.04867 
0.1068 

0.09206 
0.04 I82 
0.08041 
0.06872 
0.30I2 

0.03487 
0.06419 
0.0186 0.006 
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A 
A 
A 
A 
A 
A 
A 
A 

, A  
R 
R 
R 
R 
R 
R 
R 

. R  
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

1.513 1.513 0.025 
0.3292 
0.1873 

1.049 
10.38 

0.3806 
1.9235 
2.612 
1.787 
0.709 

0.3292 
0.1873 

1.049 
10.38 

0.3806 
1.9235 
2.612 0.015 
1.787 
0.709 , 

0.142 0.142 
0.433 0.433 

0.0566 0.0566 
2.61 2.61 

0.639 0.639 
0.303 0.303 
0.238 0.238 
0.369 0.369 
0.444 0.444 
0.845 0.845 
2.568 2.568 
1.618 1.618 
'3.062 3.062 
0.639 0.639 
3.487 ' - -  3.487- 

3.8675 3.8675 
3.844 3.844 

0.7332 0.7332 
0.3646 0.3646 
0.3671 0.3671 
0.3522 0.3522 
0.9841 0.9841 
0.1216 0.1216 

0.06847 0.06847 
0.09816 0.09816 
0.06659 0.06659 
0.1003 0.1003 

0.06906 0.06906 
0.09897 0.09897 
0.00773 0.007733 
0.1594 0.1594 

0.03398 0.03398 
0.6637 0.6637 

0.05733 0.05733 
0.06426 0.06426 

0.037 0.037 

0.006 

0.024 
0.037 

0.009 
0.007 
0.004 
0.004 

0.02 
0.018 
0.008 

J 
0.02 1 

0.007 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
R 
R 
R 
R 
A 
A 
R 
R 
R 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 



ATTACHMENT J1 
TABLE 9 

95% UCL CONCENTRATION 
AOC NO. 2, TOTAL AREA 

SURFACE SOIL RADIONUCLIDES 
AMERICRIM-241 @Ci/g) PLUTONlUh4-239/240 (pCi/g) 

IHSS Location Fieldld SampleDate Rcsuh SQL CRDL Qual ValidQual Result SQL CRDL Qual ValidQual 
156.2 SS608092 SS6008OWC 10/19/92 0.03 15 0.03 15 A 0.0971 0.0971 0.005 A 

156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
165 
165 
165 
165 
165 
165 
165 
I65 
165 
165 

SS608192 SS60081WC 
SS608292 SS60082WC 
SS608392 SS60083WC 
SS608492 SS60084WC 
SS608592 SS60085WC 
SS608692 SS60086WC 
SS603092 SS6003OWC 
SS603192 SS60031WC 
SS603292 SS60032WC 
88606192 SS60061WC 
SS606292 SS60062WC 
SS606392 SS60063WC 
SS606492 SS60064WC 
SS606592 SS60065WC 
SS606692 SS60066WC 
88620092 SS602OOWC 

IO/ 19/92 
101 19/92 
101 19/92 
10/20/92 
10/20/92 
1gno/92 
01/27/93 
01/27/93 
01/27/93 
10/28/92 
10/28/92 
10/29/92 
10/29/92 
10/29/92 
10/29/92 
0 1/27/93 

0.02175 
0.236 

0.0182 
0.027 

0.0327 
0.0162 

1.64 
0.0671 
0.499 

0.9943 
0.02481 

1 .OS3 
1.328 

3.2425 
3.027 
0.302 

0.02175 
0.236 

0.0182 
0.027 

0.0327 
0.0162 

1.64 
0.0671 
0.499 

0.9943 
0.02481 

1.083 
1.328 

3.2425 
3.027 
0.302 

0.004 A 
A 
A 
A 
A 

0.006 A 
0.013 

0.0095 
0.0032 

A 
A 

0.018 A 
A 
A 
A 

0.0091 

0.0432 
1.85 

0.0439 
0.0871 
0.077s 
0.0537 

1.76 
0.0324 
0.384 

0.06033 
0.5102 
0.7775 
0.8529 
2.5625 
3.148 
0.225 

0.0432 
1.85 0.005 

0.0439 0.005 
0.0871 0.008 

0.0537 
0.0778 0.005 

1.76 0.0094 
0.0324 0.0095 
0.384 0.0036 

0.06033 
0.5102 
0.7775 0.027 
0.8529 0.018 
2.5625 0.047 
3,148 0.045 
0.225 0.004 

A 
A 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 

165 SS620192 SS60201WC 01/29/93 2.44 2.44 A 6.241 6.241 A 

165 SS620392 SS60203WC 01/28/93 - R  1.346 1.346 0.009 A 
165 83620492 SS60204WC 01/28/93 R 15.22 15.22 0.005 A 
Number of nnmples 54 67 
Number of deteds 54 67 
Minimum dettaed 0.02 0.01 
Mavimumdetec(ed 3.24 15.22 
Avcrage 0.56 1.28 
standard Deviation 0.73 2.40 
t-value 1.684 1.671 
95Yo UCL 0.72 I .77 

165 SS620292 SS60202WC Olh9/93 0.1591 0.1591 A 0.0945 0.0945 A 

Statistic3 based on log n m l  distribution 
95% UCL (nee Table 1) 1.24 2.78 
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ATTACHMENT J1 
TABLE10 

95% UCL CONCENTRATION 
AOC N0.2, TOTAL AREA 

SUBSURFACE SOIL SEMIVOLATILES 

BENZO(a)PYRENE (pglkg) BENZO(b)FLUORANTHENE (pglkg) 
IHSS Location FieldlD Resuh SQL CRDL Qual ValidQual Rcsuh SQL CRDL Qual ValidQual 
165 73492 BH60622WC 0-3.6 410 330 U V 410 330 U V 
165 73492 
165 72992 
165 71992 
165 72992 
165 73092 
165 73092 
165 72292 
165 72292 
165 72292 
165 72692 
165 72392 
165 72392 
165 72392 
165 72592 
165 72792 
165 72792 
165 72792 
165, 72892 
165 72892 
165 72792 
165 72492 
165 73392 
165 73392 
165 73192 

BH60623 WC 
BH60624 WC 
BH60625WC 
BH60626WC 
BH60644WC 
BH60645WC 
BH60647WC 
BH60654WC 
BH60655WC 
BH60660WC 
BH60667WC 
BH60668WC 
BH60669WC 
BH60682WC 
BH60684WC 
BH60685WC 
BH60686 WC 
BH60698WC 
BH60699WC 
BH60710WC 
BH60716WC 
BH60718WC 
BH607 19WC 
BH60739WC 

5.6-13 
0-6 

6-11.9 
11.9-15 

0-6 
6-12 
0 4  

6-11.6 
11.6-16.4 

0-4 
0-3.8 
5.8-12 
12-16 
0-3 

0-5.6 1 1  
5.6-12 
12-17.8 ' 

0-6 
6-12.4 

17.8-23.8 
0-5 1 1  

0-6.2 175 
6.2-12 
0-6.2 175 

370 
390 
400 
400 
410 
400 
410 
360 
380 

3 80 
380 
400 
390 
130 
360 
400 
3 80 
350 
390 
38 

350 
360 
350 

330 U V 
330 U V 
330 U V 
330 U V 
330 U V 
330 U V 
330 U V 
330 U V 
330 U V 

R 
330 U V 
330 U V 
330 U V 
330 U V 
330 J A 
330 U V 
330 U V 
330 U V 
330 U V 
330 U V 
330 J A 
330 U V 
330 U V 
330 U V 

183 
195 

180 

61 

*] 

190 
190 

180 

190 
175 

r 3 i l  
175 
180 
175 

370 
390 
400 
400 
410 
400 
410 
360 
380 

57 
380 
380 
400 
390 
170 
360 
400 
380 
330 
390 
60 

350 
360 
350 

330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 U 
330 J 
330 U 
330 U 
330 U 
330 U 
330 J 
330 U 
330 U 
330 U 
330 U 
330 U 
330 J 
330 U 
330 U 
330 U 

V 
V 
V 
V 
V 
V 
V 
V 
V 
A 
V 
V 
V 
V 
A 
V 
V 
V 
V 
V 
A 
V 
V 
V 
V 165 73192 BH60740WC 6.2-12 360 330 U V 180 360 330 U 

Number of samples 4 17 
Number of detects 2 3 
Minimum detect4 38 57 
Maximum detect4 130 170 
Average 129.5 168.65 
Standard Deviation 55.93 40.86 
t-value 2.333 1.746 
93% UCL 195.30 18S.95 
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ATTACHMENT J1 
TABLE 11 

95% UCL CONCENTRATION 
AOC NO. 2, TOTAL AREA 

SUBSURFACE SOIL METALS 

IHSS ~ocatian FieidID Sample Date Rcsuh SQL CRDL Qual ValidQual 
156.2 73692 BH60145WC V 12/02/92 0-6 102 102 40 
156.2 73692 
156.2 77992 
156.2 77992 
156.2 77992 
156.2 73692 
156.2 73692 
156.2 77792 
156.2 77792 
156.2 77792 
156.2 73592 
156.2 77692 
156.2 77692 
156.2 77692 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 

BHMET2.XLS 

73592 
73592 
77692 
74692 
74692 
74692 
77892 
77892 
77892 
77592 
77592 
77592 
73892 
73892 
73892 
74492 
74492 
74492 
74 192 
74 192 
74 192 
73992 
73992 
74092 
74092 
74092 
73992 
73792 
73792 
74392 
74392 
74392 
74892 
74892 
74892 
74992 
74992 
74992 
74992 
73592 
74792 

~~~ ~ 

BH60 149WC 
BH60171 WC 
BH60173WC 
BH60 175 WC 
BH60185WC 
BH60 186WC 
BH60193WC 
BH60194WC 
BH60195WC 
BH60200WC 
BH60207WC 
BH60208WC 
BH60209WC 
BH60222WC 
BH60223WC 
BH60234WC 
BH60235WC 
BH60236WC 
BH60237WC 
BH60244WC 
BH60245 WC 
BH60246WC 
BH60252WC 
BH60253 WC 
BH60254WC 
BH60267WC 
BH60268WC 
BH60269WC 
BH60284WC 
BH60285WC 
BH60286WC 
BH60293 WC 
BH60294WC 
BH60295 WC 
BH60301 WC 
BH60302WC 
BH603 13WC 
BH60314WC 
BH603 I5 WC 
BH6032 I WC 
BH60322WC 
BH60323 WC 
BH60342WC 
BH60358WC 
BH60359WC 
BH60374WC 
BH60375WC 
BH60376WC 
BH60393 WC 
BH60394WC 
BH60395 WC 
BH60403 WC 
BH60404WC 
BH60405 WC 

12/02/92 
12/02/92 
12/02/92 
12/02/92 
12/02/92 
12/03/92 
12/03/92 
12/03/92 
12/03/92 
12/03/92 
12/04/92 
12/04/92 
12/04/92 
12/04/92 
12/04/92 
12/04/92 
12/07/92 
12/07/92 
12/07/92 
12/04/92 
12/04/92 
12/04/92 
12/07/92 
12/07/92 
12/07/92 
12/07/92 
12/07/92 
12/07/92 
12/08/92 
12/08/92 
12/08/92 
12/08/92 
12/08/92 
12/08/92 
1211 1/92 
12/11/92 
1211 0/92 
12/10/92 
12/10/92 
12/11/92 
12/10/92 
12110/92 
12/11/92 
1211 1/92 
1211 1/92 
12/14/92 
1211 4/92 
12/14/92 
12/14/92 
1211 4/92 
12/14/92 
12/14/92 
12/15/92 
1211 6/92 

6-12 
0-6 
6-8 
8-1 1 
12-18 
18-24 
0-6 

12-18 
6-12 
0-6 

0-5.9 
5.9-12 
12-16.3 
6-12 
12-16 

16.3-19.5 
0-6 

6-7.6 
8.3-12.2 

0-6 
6-12.2 

12.2-16.5 
0-6.4 

6.410.2 
10.2-13.3 

0-6 
6-12 
12-18 
0-5.9 

5.9-10.1 
10.1-14.2 

0-6 
6-12 
12-18 
0-6 
6-10 
0-5.5 
5.5-12 
12-18 
10-14 
0-5.9 
5.9-10 
0-5.9 

5.9-9.8 
9.8-12.9 

0-6 
6-10 
10-14 
0-6 
6-12 

12-15.8 
15.8-22 
16-22 
0-6.1 
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39.1 
299 
296 

160.5 
53.5 
564 
206 
47.9 
158 
133 
I49 
189 
138 
236 

180 
191 
103 
636 
234 
90.7 
150 
117 

94.8 
430 
110 
103 

86.6 
125 
154 
119 
185 
180 

76.3 
115 

99.2 
110 

74.8 
64.5 

31 
103 

22.9 
104 
137 

46.2 
277 
117 

45.9 
446 
109 

90.5 
49 

32.4 
169.5 

81.9 

39.1 
299 
296 

160.5 
53.5 
564 
206 
47.9 
158 
133 
149 
189 
138 
236 
81.9 
180 
191 
103 
636 
234 
90.7 
150 
117 

94.8 
430 
110 
103 

86.6 
125 
154 
119 
185 
180 

76.3 
115 

99.2 
110 

74.8 
64.5 

31 
103 

22.9 
104 
137 

46.2 
277 
117 

45.9 
446 
109 

90.5 
49 

32.4 
169.5 

4 0 B  
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 B 
40 
4 0 B  
40 
40 
4 0 B  
40 
40 
4 0 B  
40 
40 
40 
40 
4 0 B  
40 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
I A  
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 



ATTACHMENT J1 
TABLE 11 

95% UCL CONCENTRATION 
AOC NO. 2, TOTAL AREA 

SUBSURFACE SOIL METALS 

BARIUM (m&) 
IHSS Location FieldID Sample Date RcsuH SQL CRDL Qual ValidQual 
156.2 74792 BH60408WC 6.1-12.3 
156.2 
156.2 
156.2 
156.2 
,156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
156.2 
165 
165 
165 
165 
165 
165 
165 
165 
165 
165 
165 
165 
165 
165 
165 
165 
165 
165 
165 
165 
165 
165 

74792 
74592 
74592 
74592 
74592 
74592 
74792 
74792 
74292 
74292 
74292 
74292 
74292 
63592 
63592 
63592 
63592 
63692 
63692 
63692 
73492 
73492 
72992 
72992 
72992 
73092 
73092 
72292 
72292 
72292 
72392 
72392 
72392 
72792 
72792 
72792 
72892 
72892 
72792 
73392 
73392 
73192 

BH60409WC 
BH60410WC 
BH60411 WC 
BH60412 WC 
BH60429WC 
BH60430 WC 
BH60453WC 
BH60454 WC 
BH60468WC 
BH60469WC 
BH60476WC 
BH60486WC 
BH60487WC 
BH60532WC 
BH60533 WC 
BH60534WC 
BH60540WC 
BH60542WC 
BH60543 WC 
BH60544WC 
BH60622WC 
BH60623WC 
BH60624WC 
BH60625WC 
BH60626WC 
BH60644WC 
BH60645WC 
BH60647WC 
BH60654WC 
BH60655 WC 
BH60667WC 
BH60668WC 
BH60669 WC 
BH60684WC 
BH60685WC 
BH60686WC 
BH60698WC 
BH60699WC 
BH607 1 OWC 
BH60718WC 
BH607 19WC 
BH60739WC 

12/16/92 
1211 6/92 
12/15/92 
1211 5/92 
12/15/92 
12/15/92 
12/15/92 
12/16/92 
12/16/92 
1211 7/92 
1211 7/92 
1211 7/92 
1211 7/92 
12/17/92 
01/07/93 
01/07/93 
01/07/93 
01/07/93 
01/08/93 
0 1/08/93 
01/08/93 
0 111 9/93 
0 1/19/93 
01/20/93 
01/20/93 
01/20/93 
01/25/93 
01/25/93 
01/26/93 
01/26/93 
01/26/93 
0 1/26/93 
01/26/93 
0 1/26/93 
01/27/93 
0 1/27/93 
01/27/93 
01/28/93 
01/28/93 
0 1/27/93 
01/28/93 
01/28/93 
0 1/29/93 

12.3-18.4 
04 

6-1 1.8 
11.8-18 
18-2 1.3 
21.3-24 

18.4-20.5 
20.5-24.2 

0 4  
6-12.3 

12.3-17.8 
17.8-19.8 
19.8-24.3 
Oh 

6-12.1 
12.1-16.2 
16.2-20.1 

0-6 
6-8.9 
8.9-14 
0-5.6 
5.6-13 

0-6 
6-11.9 
11.9-15 

0-6 
6-12 
0 4  

6-11.6 
11.6-16.4 

0-5.8 
5.8-12 
12-16 
0-5.6 
5.6-12 
12- 17.8 
04 

6-12.4 
17.8-23.8 

04.2 
6.2-12 
04.2 

159 
199 
110 

90.6 
248 
81.8 
36.6 
27.9 
59.1 
81.9 
96.3 
148 

33.2 
67.5 
87.7 
114 

51.8 
864 
69.8 
40.2 
216 
60.2 
30.1 

81 
87 

1050 
76.7 
373 

93.6 
32.6 
41.6 
64.1 
48.3 
49.6 
37.1 
28.1 
60.6 
119 
19.8 
35.2 
29.2 

31 
77.7 

159 
199 
110 

90.6 
248 
81.8 
36.6 
27.9 
59.1 
81.9 
96.3 
148 

33.2 
67.5 
87.7 
114 

51.8 
864 
69.8 
40.2 
216 
60.2 
30.1 

81 
87 

1050 
76.7 
373 
93.6 
32.6 
41.6 
64.1 
48.3 
49.6 
37.1 
28.1 
60.6 
119 
19.8 
35.2 
29.2 

31 
77.7 

40 
40 
40 
40 
40 
40 
4 0 B  
4 0 B  
40 
40 
40 
40 
4 0 B  
40 
40 
40 
40 
40 
40 
4 0 B  
40 
40 
4 0 B  
40 
40 
40 
40 
40 
40 
4 0 B  
4 0 B  
40 
40 
40 
4 0 B  
4 0 B  
40 
40 
4 0 B  
4 0 B  
4 0 B  
4 0 B  
40 

165 73192 BH60740WC 0 1/29/93 6.2-12 31.9 31.9 40 B 
Number of samples 99 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

Number of daeas 
Minimum daeaed 
Maximum d&&d 
Average 
Standard Deviation 
t-value 
95% UCL 

Statistics bascd on log normal distribution 
95% UCL (SCC Table 1) 

B H M E T 2 . W  

159.7 

Page 2 

99 
19.8 

1050 
140.42 
159.50 
1.671 

167.21 



ATTACHMENT J1 
TABLE 12 

ROCKY FLATS OU6 
95% UCL CONCENTRATION 

AOC NO. 2, TOTAL AREA 
SUBSURFACE SOIL RADIONUCLIDES 

' 

AMERICIUM-241 (pc i /g)  PLUTONlUM-239R40 (Pcip) 
IHSS Location Field ID SampleDate Depth Result SQL CRDL Qual ValidQual Result SQL CRDL Qual ValidQual 
156.2 73692 BH60145WC 12/02/92 0 4  0.005 0.005 0.002 J A 0.0 I 0.0 1 0.005 J , V 
156.2 73692 
156.2 77992 
156.2 77992 
156.2 77992 
156.2 73692 
156.2 73692 
156.2 77792 
156.2 77792 
156.2 77792 
156.2 73592 
156.2 77692 
156.2 77692 
156.2 77692 
156.2 73592 
156.2 73592 
156.2 77692 
156.2 74692 
156.2 74692 
156.2 74692 
156.2 77892 
156.2 77892 
156.2 77892 
156.2 77592 
156.2 77592 
156.2 77592 
156.2 73892 
156.2 73892 
156.2 73892 
156.2 74492 
156.2 74492 
156.2 74492 
156.2 74192 
156.2 74192 
156.2 74192 
156.2 73992 
156.2 73992 
156.2 74092 

BH60149WC 
BH60171 WC 
BH60 173 WC 
BH60175WC 
BH60185WC 
BH60 186WC 
BH60 193 WC 
BH60 I94WC 
BH60195WC 
BH60200 WC 
BH60207WC 
BH60208WC 
BH60209WC 
BH60222WC 
BH60223WC 
BH60234WC 
BH60235WC 
BH60236WC 
BH60237WC 
BH60244WC 
BH60245 WC 
BH60246WC 
BH60252WC 
BH60253WC 
BH60254WC 
BH60267WC 
BH60268WC 
BH60269 WC 
BH60284WC 
BH60285WC 
BH60286WC 
BH60293WC 
BH60294WC 
BH60295 WC 
BH60301 WC 
BH60302WC 
BH60313WC 

32/02/92 
12/02/92 
12/02/92 
I2/02/92 
12/02/92 
12/03/92 
12/03/92 
1 2/03/92 
12/03/92 
12/03/92 
12/04/92 
12/04/92 
12/04/92 
12/04/92 
12/04/92 
12/04/92 
1 2/07/92 
12/07/92 
12/07/92 
12/04/92 
12/04/92 
12/04/92 
12/07/92 
12/07/92 
12/07/92 
1 2/07/92 
I 2/07/92 
12/07/92 
12/08/92 
12/08/92 
12/08/92 
12/08/92 
12/08/92 
12/08/92 
1211 1/92 
l2/11/92 
12/10/92 

6-12 
0-6 
6-8 
8-1 I 
12-18 
18-24 
0 4  

12-18 
6-12 
0-6 

0-5.9 
5.9-12 
12-16.3 
6-12 
12-16 

16.3-19.5 
0-6 

6-7.6 
8.3-12.2 

0-6 
6-12.2 

12.2-16.5 
04.4 

6.410.2 
10.2-13.3 

0 4  
6-12 
12-18 
0-5.9 

5.9-10.1 
10.1-14.2 

0 4  
6-12 
12-18 
0 4  
6-10 
0-5.5 

0.004 
0.0035 
0.008 
0.018 
0.004 

0 
0.0076 
4.o004 
0.0023 
0.023 
0.006 

o.Ooo5 
0.00 15 
0.0048 
4.0015 
O.OOO5 
0.026 

0.0093 
0.014 
0.0 I8 
0.012 

0.0013 
0.0082 
0.0069 
0.006 
0.029 
0.003 
0.012 
0.3 1 

0.012 
o.Ooo5 
0.019 
0.003 

4.0005 
0.009 
0.001 
0.023 

0.004 
0.007 
0.008 
0.018 
0.004 

0 
0.0076 
4.o004 
0.0023 
0.023 
0.006 
0.001 
0.003 

0.0048 
4.00 15 

0.001 
0.026 

0.0093 
0.014 
0.018 
0.012 

0.00 13 
0.0082 
0.0069 
0.006 
0.029 
0.006 
0.0 12 
0.31 

0.0 12 
0.001 
0.019 
0.003 

0.001 
0.009 
0.002 
0.023 

0.004 
0.008 
0.007 
0.018 
0.004 
0.01 

0.017 
0.005 
0.01 

0.004 
0.005 
0.004 
0.004 
0.011 
0.0 I2  
0.005 
0.005 
0.009 
0.006 
0.008 
0.006 
0.005 
0.005 
0.01 1 
0.004 
0.008 
0.019 
0.006 
0.012 

0.005 
0.016 
0.002 
0.009 
0.005 
0.003 
0.004 

.0.002 

J A 
U A 
J A 
J A 
J A 
U A 

A 
A 
A 
A 

J A 
U A 
U A 

A 
A 

U A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

B V 
U V 
BJ ' V  
B V 
BJ V 
U V 
J V 

BJ V 
U V 
BJ V 
U V 

A 

O.Ooo5 
0.002 
0.002 
0.016 

6.001 

0.033 
0.0014 
0.023 

0.0042 
0.0019 

0.12 
0.042 

0.0061 
0.022 

0.0036 
0.004 
0.045 

0.19 
0.002 
0.0 16 
0.021 
0.01 
0.88 

0.048 
0 

4.0005 
4.001 
0.001 
0.004 
0.006 

0.001 
0.004 
0.004 
0.016 

4.002 

0.033 
0.0014 
0.023 

0.0042 
0.0019 

0.12 
0.042 

0.0061 
0.022 

0.0036 
0.004 
0.045 
0.19 

6.002 
0.0 I6 
0.02 I 
0.0 1 
0.88 . 

0.048 
0 

0.002 
0.002 
0.004 
0.006 

4.00 i 

0.002 
0.007 
0.005 
0.003 
0.008 

0.004 
0.003 
0.004 

0.004 
0.004 

0.007 
0.004 
0.003 
0.003 
0.004 
0.004 
0.004 
0.006 
0.006 
0.007 
0.002 
0.004 
0.001 
0.005 
0.002 
0.008 
0.01 1 
0.004 
0.004 
0.006 

R 
R 
R 
R 

R 

A 

A 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
R 

74092 BH60314WC 12/10/92 5.5-12 0.004 0.0044: .004 J A 



A'ITACHMENT J1 
TABLE 12 

ROCKY FLATS OU6 
95% UCL CONCENTRATION 

AOC NO. 2, TOTAL AREA 
SUBSURFACE SOIL RADIONUCLIDES 

AMERICIUM-241 @C;/p) PuIToNnlM-239/240 @Ci@ 
IHSS Location Field ID S a m p l C D a t e  Depth Resuh SQL CRDL Qual ValidQual R a h  SQL CRDL Qual ValidQual 

BH60315WC 12/10/92 12-18 0.001 0.002 0.004 U R 156.2 74092 
156.2 73992 
156.2 73792 
156.2 73792 
156.2 74392 
156.2 74392 
156.2 74392 
156.2 74892 
156.2 74892 
156.2 74892 
156.2 74992 
156.2 74992 
156.2 14992 
156.2 74992 
156.2 73592 
156.2 74792 
156.2 74792 
156.2 74792 
156.2 74592 
156.2 74592 
156.2 74592 
156.2 74592 
156.2 14592 
156.2 74792 
156.2 74792 

' 156.2 74292 
156.2 74292 
156.2 74292 
156.2 74292 
156.2 74292 
156.2 63592 
156.2 63592 
156.2 63592 
156.2 63592 
156.2 63692 
156.2 63692 
156.2 63692 
165 73492 
I65 73492 

BHRAD2.XLS 

BH60321 WC 
BH60322 WC 
BH60323WC 
BH60342WC 
BH60358WC 
BH60359WC 
BH60374WC 
BH60375WC 
BH60376WC 
BH60393 WC 
BH60394WC 
BH60395WC 
BH60403WC 
BH60404WC 
BH6040SWC 
BH60408WC 
BH60409WC 
BH60410 WC 
BH60411 WC 
BH60412WC 
BH60429WC 
BH60430WC 
BH60453WC 
BH60454WC 
BH60468WC 
BH60469WC 
BH60476WC 
BH60486WC 
BH60487WC 
BH60532 WC 
BH60533WC 
BH60534WC 
BH60540WC 
BH60542WC 
BH60543WC 
BH60544WC 
BH60622WC 
BH60623WC 

1211 1/92 
12/10/92 
12/10/92 
12/11/92 
12/11/92 
12/11/92 
12/14/92 
1211 4/92 
12/14/92 
12/14/92 
12/14/92 
12/14/92 
12/14/92 
I 2/15/92 
12/16/92 
12/16/92 
12/16/92 
12/15/92 
I2/I5/92 
12/15/92 
12/15/92 
12/15/92 
12/16/92 
12/16/92 
12/37/92 
12/17/92 
1211 7/92 
12/17/92 
12/17/92 
0 1 /07/93 
01/07/93 
01/07/93 
01/07/93 
0 I /08/93 
01/08/93 
01/08/93 
01/19/93 
0 111 9/93 

10-1 4 
0-5.9 
5.9-10 
0-5.9 

5.9-9.8 
9.8-12.9 

0-6 
6-10 
10-14 
0-6 

6-12 
12-15.8 
15.8-22 
16-22 
0 4 . 1  

6.1 - I  2.3 
12.3-18.4 

0-6 
6-11.8 
11.8-18 
18-21.3 
2 I .3-24 

18.4-20.5 
20.5-24.2 

0 4  
6-12.3 

12.3-17.8 
17.8-19.8 
19.8-24.3 

0-6 
6-12.1 

12.1-16.2 
16.2-20.1 

0-6 
6-8.9 
8.9-14 

- 

0-5.6 
5.6-13 

0.0005 
0.018 

0 
0.0229 

0.00959 
0.00462 
0.00813 
0.00934 
0.00138 

0.014 
0.00 1 

0.0015 
0.004 
0.001 

0.024s 
0.005 
0.002 
0.018 
0.007 

0.0005 
0.008 
0.002 
0.017 
0.009 

0.0373 
0.0196 

0.00529 
0.00443 
0.00677 

0.0 17 
0.0005 
0.0015 

0.44 
0.007 

0.001 
0.018 

0 
0.0229 

0.00959 
0.00462 
0.00813 
0.00934 
0.00138 

0.0 14 
0.002 
0.003 
0.004 
0.002 

0.0245 
0.005 
0.004 
0.0 18 
0.007 
0.001 
0.008 
0.002 
0.017 
0.009 

0.0373 
0.01% 

0.00529 
0.00443 
0.00677 

0.017 
0.001 
0.003 
0.44 

0.007 

0.006 u 
0.003 J 
0.004 u 

0.005 

0.005 

0.007 
0.007 J 
0.004 U 
0.004 u 
0.002 BJ 
0.006 u 
0.00s 
0.004 J 
0.014 U 
0.002 J 
0.002 J 
0.004 u 
0.002 J 
0.002 J 
0.001 J 
0.002 J 
0.01 
0.0 I 

0.005 B 
0.002 u 
0.006 u 
0.005 \ 

0.004 J 
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A 
V 
A 
A 

A 
A 
A 
A 
A 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
R 
R 
R 
R 
A 
A 
A 
A 
A 

0.001 

0.0855 
0.0181 

0.00123 
0.0184 
0.0129 

0 
0.0375 
0.015 

4.o005 
0 

-0.0005 
0.079 
0.015 
0.006 
0.044 
0.0 18 

0.0035 
4.001 
4.00 I 
0.001 

4.0005 
0.452 
0.113 

0.0122 
0.0014 

0.00134 
0.0292 
0.0122 

0 
0 

0.0505 
0.0005 
0.0015 

0.53 
0.004 

0.002 

0.0855 
0.0181 

0.00123 
0.0 1 84 
0.0129 

0 
0.0375 
0.015 
4.001 

0 
-0.001 
0.079 
0.015 
0.006 
0.044 
0.0 18 
0.007 

4.002 
4.002 
0.002 

4.001 
0.452 
0.113 

0.0122 
0.00 14 

0.00134 
0.0292 
0.0122 

0 
0 

0.osos 
0.001 
0.003 
0.53 

0.004 

0.006 u 

0.004 

0.007 
0.008 
0.01 

0.009 
0.004 J 
0.008 U 
0.002 u 
0.007 U 
0.002 
0.002 J 
0.005 J 
0.002 
0.002 J 
0.009 u 
0.007 U 
0.006 u 
0.004 U 
0.006 u 
0.005 

0.015 
0.007 

0.008 
0.009 
0.005 
0.005 U 
0.004 U 
0.005 
0.004 J 

V 
R 
R 

A 
A 
A 
A 
A 
V 
V 
V 
V 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A f 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
V 
V 
V 
V 
V 



ATTACHMENT J1 
TABLE 12 ' 

ROCKY FLATS OU6 
95% UCL CONCENTRATION 

AOC NO. 2, TOTAL AREA 
SUBSURFACE SOIL RADIONUCLIDES 

AMERICIUM-241 @ci/B) PLUTONl'UM-239l240 ($26) 
IHSS Lncation FicldID SampleDate Depth Result SQL CRDL Qual ValidQual Result SQL CRDL Qual ValidQual 

0.003 U V 165 72992 
165 72992 
165 72992 
165 73092 
165 73092 
165 72292 
I65 72292 
165 72292 
165 72392 
163 72392 
165 72392 
I65 72792 
165 72792 
165 72792 
165 72892 
165 72892 
165 72792 
165 73392 
165 73392 
165 73192 

BH60624WC 0 1 120193 
BH60625WC 
BH60626WC 
BH60644WC 
BH60645WC 
BH60647WC 
BH60634WC 
BH60635WC 
BH60667WC 
BH60668WC 
BH60669WC 
BH60684WC 
BH6068JWC 
BH60686WC 
BH60698WC 
BH60699WC 
BH607 I OWC 
BH607 I8WC 
BH60719WC 
BH60739WC 

01/20/93 
0 1 /20/93 
01/25/93 
01/25/93 
0 1 /26/93 
01/26/93 
01/26/93 
01/26/93 
01/26/93 
0 1/26/93 
01/27/93 
0 1/27/93 
01/27/93 
0 1 /28/93 
01/28/93 
01/27/93 
0 1 /28/93 
01/28/93 
0 I /29/93 

0-6 
6-1 1.9 
11.9-15 

0-6 
6-12 
0-6 

6-1 1.6 
11.6-16.4 

0-5.8 
5.8-12 
12-16 
0-5.6 
5.6-12 
12-1 7.8 

0-6 
6-12.4 

17.8-23.8 
0-6.2 
6.2-12 
04.2 

0.0025 0.005 0.01 u A 0.001 0.002 
0 0 

0.003 0.003 
0.18 0.18 

0.0 14 0.0 I4 
0.034 0.034 

0.01 I53 0.01 155 
0.002 186 0.002 I86 

0.104 0. IO4 
0.0148 0.0148 

0.00768 0.00768 
0.0305 0.0305 

0.007035 0.007035 
0.00566 0.00566 
0.0699 0.0699 
0.0 I2 0.0 12 

0.00633 0.00633 
0.0222 0.0222 

0.00732 0.00752 

0.004 
0.002 
0.002 
0.002 

0.0036 
0.0095 
0.0046 
0.0042 

0.0 1 
0.0043 
0.0091 
0.0036 
0.0032 
0.0035 
0.0032 

U A 
J A 

A 
J A 

A 
J A 
J A 

R 

0.004 
4.001 
0.088 
0.008 

0.0 I723 

0.166 
0.0034 

0.0073 1 
0.0617 

0.00323 
4.00125 

0.166 
0.00533 
0.00421 
0.0 184 

4.00108 
0.09743 

0.004 
0.002 
0.088 
0.008 

0.01725 

0.166 
0.0054 

0.0073 I 
0.0617 

0.00323 
4.00125 

0.166 
0.00553 
0.0042 I 
0.0184 

4.00108 
0.09743 

0.003 J V 
0.009 U V 
0.0 I V 

0.005 J V 
R 

J A 
R 

0.0082 
0.01 

0.0073 
0.016 
0.013 
0.0 12 
0.01 

0.0033 
0.01 1 

0.0034 
0.0 1 

0.008 A 
0.005 J A R 0.004663 0.004663 6.2-12 165 73192 BH60740WC 01/29/93 . - ~- 

Numbcr of samples 93 86 

SQL = Sample Quantitation Limit 
CRDL = conbacr Required Detection Limit 
RME = R d l c  Maximum Expame 
UCL = uppa COnfidaKx Limit 

(-~=DctaledResutts 

72 
4.0013 

0.44 
0.0202 
0.0580 

1.671 
0.0302 
0.0302 

65 
4.002 

0.88 
0.0433 
0.1215 

1.671 
0.0652 
0.0632 



ATTACHMENT J1 
TABLE 12 

ROCKY FLATS OU6 
95% UCL CONCENTRATION 

AOC NO. 2, TOTAL AREA 
SUBSURFACE SOIL RADIONUCLIDES 

URANIUM-233,-234 @Ci/B) URANIUM-238 @Ci& 
IHSS Locaton Field ID SampleDate Depth R m L  SQL CRDL Qual ValidQual Result SQL CRDL Qual ValidQual 

0.018 B 0.76 0.76 156.2 73692 
156.2 73692 
156.2 77992 
156.2 77992 
156.2 77992 
156.2 73692 
156.2 73692 
156.2 77792 
156.2 77792 
156.2 77792 
156.2 73592 
156.2 77692 
156.2 77692 
156.2 77692 
156.2 73592 
156.2 73592 

156.2 74692 
156.2 74692 
156.2 74692 
156.2 77892 

156.2 77692 

156.2 77892 
156.2 77892 
156.2 77592 
156.2 77592 
156.2 77592 
156.2 73892 
156.2 73892 
156.2 73892 
156.2 74492 
156.2 74492 
156.2 74492 
156.2 74192 
156.2 74192 
156.2 74192 
156.2 73992 
156.2 73992 
156.2 74092 
156.2 74092 

BHRAD2.XLS 

BH60145 W C  
BH60149WC 
BH60171WC 
BH60 I73 W C  
BH60175 W C  
BH60 185 WC 
BH60186WC 
BH60193WC 
BH60194WC 
BH60195 W C  
BH60200 W C  
BH60207WC 
BH60208WC 
BH60209WC 
BH60222WC 
BH60223WC 
BH60234WC 
BH60235WC 
BH60236WC 
BH60237WC 
BH60244WC 
BH60245WC 
BH60246 W C  
BH60252 W C  
BH60253WC 
BH60254WC 
BH60267WC 
BH60268 W C  
BH60269WC 
BH60284WC 
BH60285 W C  
BH60286WC 
BH60293 W C  
BH60294WC 
BH60295WC 
BH6030 1 W C  
BH60302WC 
BH60313WC 
BH60314WC 

12/02/92 
12/02/92 
12/02/92 
12/02/92 
12/02/92 
12/02/92 
12/03/92 
12/03/92 
12/03/92 
12/03/92 
12/03/92 
12/04/92 
12/04/92 
12/04/92 
12/04/92 
12/04/92 
12/04/92 
12/07/92 
12/07/92 
12/07/92 
12/04/92 
12/04/92 
12/04/92 
12/07/92 
12/07/92 
12/07/92 
12/07/92 
1 Z07/92 

12/08/92 
12/08/92 
12/08/92 
12/08/92 
12/08/92 
12/08/92 
1211 1/92 
1211 1/92 
12/10/92 
12/10/92 

12/0i/92 

0-6 
6-1 2 
0 4  

6-8 
8-1 1 
12-18 
18-24 
0 4  
12-18 
6-12 
0-6 
0-5.9 
5.9-12 
12-16.3 
6-12 
12-16 

16.3- 19.5 
06 
6-7.6 
8.3-12.2 
04 
6-12.2 
12.2-16.5 
04.4 
6.4-10.2 
10.2-13.3 

0 4  
6-12 
12-18 
0-5.9 
3.9-10.1 
IO. 1 - 14.2 
0 4  
6-12 
12-18 
0-6 
6-10 
0-5.5 
5.5-12 

0.98 
0 65 

I 
I . 3  

0.965 
0.93 
0.94 
0.62 
0.37 
0.7 

1 
0.675 
0.75 
0.55 
0.42 
0.92 
0.71 
0.98 
0.55 
0.54 
0.59 
0.71 
0.4 
0.64 
0.71 
0.44 
0.83 
0.76 
0.68 
0.74 
0.6 
0.5 
0.92 
0.021 
0.54 
0.77 
0.53 
1.1 

0.51 

0.98 
0 65 

I 
I .3 

0.965 
0.93 
0.94 
0.62 
0.37 
0.7 

1 
0.675 
0.75 
0.55 
0.42 
0.92 
0.71 
0.98 
0.55 
0.54 
0.59 
0.71 
0.4 
0.64 
0.71 
0.44 
0.83 
0.76 
0.68 
0.74 
0.6 
0.5 

0.92 
0.021 
0.54 
0.77 
0.53 
1.1 
0.51 

0.018 B 
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0.014 B 
0.006 B 
0.02 B 
0.018 B 
0.005 B 
0.2 

0.014 
0.015 
0.01 1 
0.1 
0.2 
0.1 
0. I 

0.016 
0.05 1 
0. I 

0.017 
0.014 
0.0 19 
0.009 
0.009 
0.0 18 
0.01 1 
0.016 
0.034 
0.021 B 
0.005 B 
0.023 B 
0.022 B 
0.017 B 
0.006 B 
0.018 B 
0.017 BJ 
0.005 B 
0.1 
0. I 
0.3 
0.2 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
v 
V 
A 
A 

0.75 
1.1 
1.2 

0.905 
1.1 
1.1 
0.62 
0.46 
0.75 
0.84 
0.625 
0.67 
0.47 
0.4 
0.75 
0.57 
0.87 
0.58 
0.58 
0.72 
0.69 
0.54 
0.63 
0.69 
0.55 
0.78 
0.74 
0.89 
0.92 
0.64 
0.61 
0.84 
0 

0.62 
0.54 
0.53 

1 
0.53 

0.75 
1.1 
1.2 

0.905 
1.1 
1.1 
0.62 
0.46 
0.75 
0.84 
0.625 
0.67 
0.47 
0.4 
0.75 
0.57 
0.87 
0.58 
0.58 
0.72 
0.69 
0.54 
0.63 
0.69 
0.55 
0.78 
0.74 
0.89 
0.92 
0.64 
0.61 
0.84 

0 
0.62 
0.54 
0.53 

I 
0.53 

0.005 B 
0.022 B 
0.006 B 
0.013 B 
0.012 B 
0.2 

0.005 
0.019 
0.005 
0.1 
0.1 
0.1 
0.1 

0.008 
0.055 
0.1 

0.014 
0.006 
0.01 1 
0.006 
0.013 
0.009 
0.005 
0.005 
0.01 
0.021 B 
0.005 B 
0.032 
0.018 B 
0.005 B 
0.019 B 
0.018 B 
0.005 u 
0.005 B 

0. I 
0. I 
0.2 
0.2 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
V 
V 
A 
A 



V 8900 WO W'O V 0 8P00 EE'O EE'O E 1-93 E6/61/10 3MEZ909H0 Z6PfL 
0 

V 
V 0 
V 0 
V 0 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V a 
V 8 
V 
V 8 
V 8 
V 0 
V 0 
V a 
V a 
V 0 
V 0 
V 
V 
V 
V 
V 
V 
V 
V 

V 
V 
A 

I PO0 
2200 
I100 
SZVO 

6200 
E 100 
ZOO 

It00 
6100 
PEOO 
E00 
290'0 
8WO 
LE00 
IS00 
2100 
SEOO 
S Z 0 0  
I zoo 
2100 
)ZOO 
E100 
sc00 
1100 
I00 
6100 
SZ00 
9Z00 
8200 

L 10'0 

Z O  
I '0 
1 '0 

6VO 
28'0 
ZS'O 
190 
Z180 
L890 
U9'0 
209'0 
6Z 1 
6op'O 

9E60 
ZWO 
9L60 
E8'0 
WO 
U ' O  
SS'O 
sa0 
68'0 
ZI 
Z8'0 
1 
1'1 
V I  
ZL'O 
1 
WO 
SWI 
ZOL'O 
ZIS'O 
PL8.0 
LIS'O 
E6E'O 
8L60 
EP'O 
LS'O 
U ' O  

6VO 
28'0 
ZS'O 
190 
Z18'0 
L890 
LL90 
2090 

6Z I 
6op'O 

9E60 
Z6L'O 
9L60 
E8'0 
WO 
fL'0 
SS'O 
S8'0 
68'0 
Zl 
28'0 
1 
1'1 
V I  
ZL'O 
1 
6L'O 
SWI 
ZOL'O 
ZIS'O 
tL8'0 
LIS'O 
E6C'O 
8L6'0 
EP'O 
LS'O 
U ' O  

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

V 
V 
A 

0 PZOO 
0 9W.o 
0 6100 
6 90'0 

If00 
6200 
E100 
ZOO 
990'0 
I t o o  
9200 
PEOO 
EO0 
290'0 
8w'O 
#00  
690'0 
z100 
2200 
S Z 0 O  

0 It00 
z100 
P I 0 0  
2200 

6 1200 
I100 
9100 
6200 
SZOO 
8S00 

Et00 
L100 

2 0  
1 '0 
I '0 

L8'0 
690 
K O  
P90 
EN0 
P8L'O 
8ZS'O 
ZSL'O 
90 I 
9E90 
E88'0 
1 I L'O 
EE60 
PL'O 
98'0 
9L'O 
9'0 
6L'O 
I 
960 
6L'O 
660 
S l . 1  
1'1 
LS'O 
18'0 
98'0 
1'1 
E8S.0 
SL90 
198'0 
swo 
#E'O 
SE8'0 
SVO 
890 
EP'O 

L8'0 
69'0 
PC'O 
WO 
E660 
HL'O 
8ZS'O 
ZSL'O 
90'1 
9E9'0 
E88'0 
I IL'O 
EE6'0 
PL'O 
98'0 
9L'O 
VO 
6L'O 
I 
960 
6L'O 
660 
S l . 1  
1'1 
LS'O 
18'0 
98'0 
1'1 
E8S.0 
SL90 
198'0 
swo 
#E'O 
SE8'0 
SP'O 
890 
EP'O 

9s-0 
PI-68 
68-9 
Po 

I'OZ-Z91 
Z91- I '2 1 
l'Z1-9 

9-0 
E'Pt-8'61 
8'6 I-8'L I 
8'L I-E'ZI 

E'z1-9 
9-0 

z 't 2-S'OZ 
S'OZV8 I 
PZ-E'IZ 
E'IL-81 
81-8'1 I 
8'1 1 9  

9-0 
t'81-E'ZI 
E'ZI-1'9 

1'9-0 
22-91 

22-8's I 
S S l - Z I  

Zl-9 
9-0 

PI-01 
01-9 
9-0 

621-8'6 
8'6-62 
62-0 
01-6's 
62-0 
PIQl 

E6/61/10 
E6/80/10 
E 61801 I 0 
E6/80/10 
C6/LO/IO 
E 6/LOllO 
E6/LO/IO 
E 6ILOII 0 
Z6/L In I 
26/L In 1 
Z6/LInI 
Z6ILIIZI 
z6/LlnI 
26/91K1 
Z6/91iZI 
261s In1 
z6/s In1 
Z6/t l lLI 
26/SlRI 
Z6/SIKI 
Z6/9l/Z I 
26/91RI 
2619 In I 
Z6/SVZl 
Z6lP In I 
Z6/PIiZl 
261P I/Z 1 
26lP In 1 
z w 1 n 1  
Z6/PI/Zl 
Z6/PI/Zl 
z6/1 In1 
Z6/ I In I  
t6/11rzl 
26/01n1 
2610 In I 
Z6/1 In1 

3MZZ909H0 
3M#S09H0 
3Mf PS09H0 
3MZPS09H0 
3MObS09H0 
3MPES09H0 
3ME E S09H0 
3 M Z E  S09H0 
3ML8909H0 
3M98P09H0 
3M9LP09H0 
3M69P09H0 
3M89P09H0 
3MPSb09H0 
3ME SPO9H0 
3 M O C  t09H0 
3M6Zt09H0 
3MZlP09HH 
3M1 IP09H0 
3MOIb09H0 
3M6OV09H8 
3M8Ob09HH 
3MSW09H0 
3MCW09H8 
3MEWH0 
3M S 6C 09H0 
3MP6E 09H0 
3ME 6E 09H8 
3M9LE 09HB 
3MSLE 09H0 
3MPLE09H0 
3M6SC09H0 
3M8SE 09HH 
3MZPE09H0 
3ME ZC 09H0 
3 M Z Z C  09H0 
3M I ZC 09H0 

Z6PEL S91 
Z69E9 Z'9S1 
Z69E9 Z'9S1 
Z69E9 29S1 
Z6SE9 Z'9S1 
Z6SE9 Z'9SI 
Z6SE9 Z'9S1 
Z6SE9 Z'9S1 
26ZPL 2'9SI 
Z6ZtL Z'9SI 
Z6ZPL Z'9SI 
Z6ZPL Z'9SI 
Z6ZtL Z9S1 
Z6LPL Z9S1 
Z6LPL Z'9SI 
Z6StL Z'9SI 
26WL Z'9S1 
Z6StL Z'9Sl 
Z6SPL Z9S1 
Z6SVL Z'9S1 
Z6LPL 2'9S1 
Z6LPL Z9S1 
Z6LtL Z9SI 
Z6SfL Z'9S1 
Z66PL 2'9S1 
Z66PL 2'9S1 
Z66PL Z9S1 
Z66PL Z'9SI 
Z68PL Z'9S1 
Z68PL Z'9SI 
Z68PL Z'9S1 
26EPL Z9Sl 
Z6EPL Z9S1 
Z6EtL Z'9SI 
Z6LU Z'9SI 
Z6LEL Z'9S1 
Z66EL 2'9S1 



ATTAC @E NTJ1 
TABLE 12 

ROCKY FLATS OU6 
95% UCL CONCENTRATION 

AOC NO. 2, TOTAL AREA 
SUBSURFACE SOIL RADIONUCLIDES 

URANIUM-233.-234 @ci/g) URANIUM-238 @Ci@ 
IHSS Location FieldID SampleDate Depth ReSUlt SQL CRDL Qual ValidQual Result SQL CRDL Qual ValidQual 
165 72992 BH60624WC 01/20/93 04 0.98 0.98 0.023 B A I 1 0.014 B A 
165 
165 
165 
165 
165 
165 
165 
165 
165 
165 
165 
165 
165 
165 
165 
165 
165 
165 
165 

72992 
72992 
73092 
73092 
72292 
72292 
72292 
72392 
72392 
72392 
72792 
72792 
72792 
72892 
72892 
72792 
73392 
73392 
73192 

BH60625WC 
BH60626WC 
BH60644WC 
BH60645WC 
BH60647WC 
BH60654WC 
BH60655WC 
BH60667WC 
BH60668WC 
BH60669WC 
BH60684WC 
BH60685WC 
BH60686WC 
BH60698WC 
BH60699WC 
BH60710WC 
BH60718WC 
BH607 19 WC 
BH60739WC 

0 1/20/93 
01/20/93 
0 1/25/93 
0 1/25/93 
01/26/93 
0 1126193 
01/26/93 
0 1/26/93 
0 1126193 
01/26/93 
0 1/27/93 
01/27/93 
0 1/27/93 
01/28/93 
0 1/28/93 
01/27/93 
01/28/93 
01/28/93 
0 1/29/93 

6-1 1.9 1.2 
11.9-15 1.2 

0-6 1.3 
6-12 1.3 
0-6 1.255 

6-1 1.6 0.7417 
11.6-16.4 0.8751 

0-5.8 0.577 
5.8-12 0.58 
12-16 0.769 
0-5.6 0.352 
5.6-12 0.3495 
12-17.8 0.345 
0 4  1.24 

6-12.4 0.255 
17.8-23.8 0.532 

04.2 0.423 
6.2-12 0.547 
0-6.2 0.7041 

1.2 
1 .2 
1.3 
1.3 

1.255 
0.7417 
0.875 1 
0.577 
0.58 

0.769 
0.352 

0.3495 
0.345 

1.24 
0.255 
0.532 
0.423 
0.547 

0.7041 

0.015 
0.044 
0.018 
0.036 
0.039 
0.036 
0.023 
0.057 
0.063 
0.063 
0.066 
0.086 
0.091 
0.063 
0.065 
0.083 
0.069 
0.069 
0.042 

B A 
B A 
B A 
B A 

A 
A 
A 

A 

0.8 
1.2 
1.1 
1.6 

1.124 
0.8 

0.775 1 
0.577 
0.738 
0.736 
0.472 
0.458 
0.571 
0.414 
0.297 
0.586 
0.396 
0.583 

0.7973 

0.8 0.025 B A 
1.2 0.044 B A 
1.1 0.01 B A 
1.6 0.02 B A 

1.124 0.039 A 
0.8 0.026 A 

0.775 1 0.023 A 
0.577 0.057 
0.738 0.063 
0.736 0.063 
0.472 0.066 
0.458 0.086 
0.571 0.091 
0.414 0.025 
0.297 0.026 
0.586 0.083 
0.396 0.069 
0.583 0.027 

0.7973 0.037 A 
165 73192 BH60740WC 01/29/93 6.2-12 0.5986 0.5986 0.036 A 0.6921 0.6921 0.044 A 
Number of samples 99 99 
Number ofdeteas 
Minimumdaeaed 
Maximumdeteaed 
Average 
standard Deviation 
t-value 
95% UCL 
RME 

99 
0.021 

1.3 
0.7327 
0.2620 

1.671 
0.7767 

98 
0.297 

I .6 
0.7417 
0.2494 

1.671 
0.7836 

Statistics based on log n o m 1  distribution 
95% UCL (see Table 1) 

0.7930 

BHRAD2.m Page 6 



ATTACHMENT J1 
TABLE 13 

95% UCL CONCENTRATION 
AOC NO. 3 

POND SEDIMENT SEMIVOLATILES 

142.1 SED60092 SD6OOOOWC 10/29/92 
142.1 SED60192 SD60001WC 11/02/92 
142.1 SED60292 SD60002WC 10/29/92 
142.1 SED60392 SD60003WC 10/29/92 

310 310 330 J A I 4201 420 330 J A I  2301 230 330 J A 
190 190 330 J A 610 330 U V 305 610 330 U V 

205 205 330 J A 270 330 J A 485 485 330 J A 
240 240 330 J A 300 330 J A 320 320 330 J A 

StatidiCS based 011 108 n O f l d  diShibUtiOn 
95% UCL (see Table 1) 

142.1 SED60492 SD60004WC 11/02/92 295 590 330 U V 295 590 330 U V 90 

142.2 SED60692 SD60006WC 11/12/92 240 480 330 U V 240 480 330 U V 110 
142.2 SED60792 SD60007WC 11/12/92 320 640 330 U V 320 640 330 U * V 4200 
142.2 SED60892 SD60008WC 11/12/92 385 770 330 U V 385 770 330 U V 7800 
142.2 SED60992 SD60009WC 11/12/92 V V ’ 350 
142.3 SED61092 SD6001OWC 10/21/92 ;;: ::: L: A A El ;: :;: L: A 580 
142.3 SED61192 SD60011WC 10/21/92 240 330 J 370 330 J A 990 
142.3 SED61292 SD60012WC 10/22#2 170 330 J A 240 330 J A 570 
142.3 SED61392 SD60013WC 10/21/92 295 590 330 U V 240 330 J A 590 
142.3 SED61492 SD60014WC 10/22/92 250 500 330 U V 250 500 330 U V 220 

142.2 SED60592 SD60005WC 11/12/92 -1 75 330 J A 280 560 330 U V 530 

PSDSV gr 

90 330 J A 
530 330 J A 
110 330 J A 
4200 330 V 
7800 330 V 
350 330 J A 
580 330 BJ JA 
990 330 B JA 
570 330 V 
590 330 BJ JA 
220 330 J A 

2637 



ATTACHMENT J1 
TABLE 14 

95% UCL CONCENTRATION 
AOC N0.3 

POND SEDIMENT PCBs 

142.1 SED60092 SD6OOOOWC 10/29/92 590 
142.1 SED60192 SD6OOOlWC 11\02/92 330 
142.1 SED60292 SD6OOO2WC 10/29/92 460 

142.1 SED60392 SD6OOOJWC 10/29/92 330 
142.1 SED60492 SD60004WC 11/02/92 320 
142.2 SED60592 SD6OOOJWC 11/12/92 , J90 

590 160 V 
330 160 V 
460 160 V 
330 160 V 
320 160 V 
590 160 V 

Minimum detect 

Maximum dctta 
Average 
Standard Deviation 
t-value 
95% UCL 

PS D E B 3  .XLS 

320 
590 

257.33 
165.23 
1.761 

332.46 

Page 1 



ATTACHMENT J1 
TABLE 15 

ROCKY FLATS OU6 
95% UCL CONCENTRATION 

AOC NO. 3 
POND'SEDIMENT METALS 

ANTIMONY SILVER (mg/kg) 
IJSS Location FieldID Sample Date Resuh SQL CRDL Qual ValidQual Resuh SQL CRDL Qual ValidQual 

142.1 SED60192 SD6OOOlWC 11/02/92 22 12 U JA 1.2 2.4 2 u  V 
30.4 I2 JA 2.5 2 u  V 

12 B JA 1-1 3.9 2 JA 
142.1 SED60492 SD6O004WC 11/02/92 10.15 20.3 12 U JA 1.1 2.2 2 u  V 

142.1 SED60292 SD6OOO2WC 10129192 
142.1 SEq60392 SD6OOO3WC 10/29/92 

142.1 SED60092 SD60000WC 10/29/92 I 29.61 29.6 . 12 JA 1.15 2.3 2 u  V 

-1 21.6 

142.2 
142.2 
142.2 
142.2 
142.2 
142.3 
142.3 
142.3 
142.3 

SED60592 
SED60692 
SED60792 
SED60892 
SED60992 
SED61092 
SED61 I92 
SED61292 
SED6 1392 

S ~ 5 W C  
sD6o006wc 
sD6OOO7wc 
SD6OOO8WC 
sD6o009wc 
sD6001owc 
sD60011wc 
sD60012wc 
sD600 I3 wc 

11/12/92 
11/12/92 
11/12/92 
11/12/92 
11/12/92 
1 OD 1/92 9.8 
10/21/92 10.45 

10/21/92 
10/22/92 -1 

R 
R 
R 
R 
R 

19.6 12 U JA 
20.9 12 U JA 

26 12 JA 
R 

1.25 2.5 
0.9 1.8 
I .5 3 
1.5 3 

0.85 1.7 
1.05 2.1 
1.15 2.3 
1.05 2.1 
1.1 2.2 

2 u  
2 u  
2 u  
2 u  
2 u  
2 u  
2 u  
2 u  
2 u  

V 
V 
V 
V 
V 
V 
V 
JA 
V 

142.3 SED61492 SD60014WC 10/22/92 8.45 16.9 12 U V 0.9 1.8 2 u  JA 

Numbcrofckt~~ls 
Minimumdeteatd 
Maxjmmdctcrtad 
Average 
Standard Deviation 
1-value 
959'0 UCL 

Number of samples 9 I5 
4 

21.6 
30.4 

17.49 
8.75 
1.86 

22.92 

I 
3.9 
3.9 

1.32 
0.71 

1.761 
1.65 

Statistics bascd 011 log normal distribution 
959'0 UCL  sa^ Table 1) 



a 

142.1 SED60092 SD60000WC 101291’92 
142.1 SED60192 SD6OOOlWC 11/02/92 
142.1 SED60292 SDdooo2WC 10/29/92 
142.1 SED60392 SD6OOO3WC 10/29/92 

ATTACHMENT J1 
TABLE 15 

36.6 36.6 10 V 
27.1 27.1 10 V 
36.8 36.8 10 V 

33.35 33.35 10 V 
142.1 SED60492 SD6OOO4WC 11/02/92 32.8 10 
142.2 SED60592 SD60005WC 11/12/92 23.5 10 
142.2 SED60692 SD6OOO6WC 11/12/92 
142.2 SED60792 SD6OOO7WC 11/12/92 
142.2 SED60892 SD60008WC 11/12/92 
142.2 SED60992 SD6OOO9WC 1 lllU92 
142.3 SED61092 SD6001OWC 10/21/92 
142.3 SED61 192 SD60011 WC 10/21/92 
142.3 SED61292 SD60012WC 10/22/92 
142.3 SED61392 SD60013WC 1012 1/92 
142.3 SED61492 SD60014WC 10/22/92 

21.2 21.2 10 V 
32 32 10 V 

27.3 27.3 10 V 
27. I 27.1 10 V 
62.7 62.7 10 V 
60.1 60. I 10 V 
39.6 39.6 10 V 
47.6 47.6 10 V 
32.1 32.1 10 V 

I PSDh4ET3.XLS Page 2 

statistics based on log mnmal distribution 
95% UCL (see Table 1) 42.2 



ATTACHMENT J l  
TABLE 16 

95% UCL CONCENTRATION 
AOC NO. 3 

POND SEDIMENT RADIONUCLIDES 

142.1 S E W 2  SD60000WC 29-06-92 12.25 
SD6OoOI WC 2-NOV-92 7.5 

AMERICIUM-241 @ci/g) PLUTONRIM-239/240 @ci/p) 

35.47 35.47 0.056 A 
17.67 
36.2 

SD60013WC 21-oc1-92 
142.3 SED61492 SD60014WC 22-06-92 A 

142.1 
142.1 
142.1 
142.1 
142.2 
142.2 
142.2 
142.2 
142.2 
142.3 
142.3 
142.3 
142.3 

1.304 
0.6 185 

1.182 1.182 0.018 A 

SED60192 
SED60292 
SED60392 
SED60492 
SED60592 
SED60692 
SED60792 
SED60892 
SED60992 
SEM1092 
SEMI 192 
SED61292 
SED61392 

SD6ooo2WC 29-06-92 
SD6OoO3WC 29Ud-92 
SD6OOO4WC 2-Nov-92 pi 3.25 
SD6OOO5WC 12-NoV-92 1.07 
SD6WO6WC 12-NOV-92 0.154 0.154 
SD6ooo7WC 12-NOV-92 1.74 
SD6ooo8WC 12-NOV-92 
SD6OOO9WC 12-Nov-92 11 1.08 
SD6001OWC 21-06-92 0.6663 
SD6OOIIWC 21-06-92 M3i;l 0.3328 
SD60012WC 22-06-92 0.4222 

0 A 
0 A 
0 A 
0 A 
0 A 
0 A 

0.007 A 
0.004 A 

R 
0 A 
0 A 

' 0  A 
0 A 
0 A 

17.67 
36.2 
26.8 

3.99 
0.587 

5.65 
2.58 
3.13 

2.053 
0.9137 

1.304 
0.6 I85 

- 0  
0 

0.049 

0 
0 
0 

0.005 
0 
0 

0.02 
0.026 

0 

A 
A 
A 
R 
A 
A 
A 
A 
A 
A 
A 
A 
A 

Number of dascts 
M i t ~ i m u m M  
Maximumdaeasd 
Average 
standard Deviation 
1-value 
95% UCL 
RME 

14 
0. I54 
13.23 
3.76 
4.68 

1.771 
5.98 
5.98 

14 
0.587 
36.2 
9.87 

12.84 
1.771 
15.95 
15.95 

statistics based on log w(IRBI distribution 
95% UCL (see Table I )  23.4 50 



ATTACHMENT J1 
TABLE 17 

95% UCL CONCENTRATION 
AOC NO. 3 

STREAM AND DRY SEDIMENT SEMIVOLATILES 

BENZO(a)ANTHRACENE (pgkg) BENZO(a)PYRENE (p&) BENZqb)FLUORANTHENE (p&) 
Location Field Id SampleDatc Result SQL CRDL Qual ValidQual Result SQL CRDL Qual ValidQual Result SQL CRDL Qual ValidQual 
SED65092 SD6005OWC 550 330 U V 275 550 330 U V 275 550 330 U V 

I SED65 192 S W 0 5  1 WC 560 330 U V 280 560 330 U V 280 560 330 U V 
SED65292 SD60052WC 570 330 U V 285 570 330 U V 285 970 330 U V 
SED65392 SD60053WC 520 330 U V 260 520 330 U V 330 U V 

SED68192 SD60081WC 02/19/93 230 460 330 U V 230 460 330 U V 230 460 330 U V 

SED65492 SD60054WC 
SED65592 SD60055WC 

SED68692 SD60086WC 05/06/93 240 480 330 U V 240 480 330 U V 330 U V 240 480 
Number of samples 5 9 9 
Numbaofd&ct.s 2 2 3 
M i M m  51 I IO 110 
Maximumdaeaion 190 260 400 
Average 188.20 240.00 246.67 
StMdardDcviSlion 70.72 50.6 1 79.90 
1-value 2.132 1.86 1.86 
95% UCL 255.63 271.38 296.20 
RME 190 260 2% 

51  330 J A 220 440 330 U v :::: 330 J A 
A -1 260 330 J A $00 330 J A 

SED68492 SD60084WC 05/06/93 230 460 330 U V I] 110 330 J A 1-1 140 330 J A 

121 190 330 J 

I STSDSV3.XL.S Page ? 



ATTACHMENT J1 
TABLE 17 

95% UCL CONCENTRATION 
AOC NO. 3 

STREAM AND DRY SEDIMENT SEMIVOLATILES 

M D E N q  1.2fcd)PY RENE (p&) 
Locatim FicldId Sample Date RCSUll SQL CRDL Qual ValidQual 
SED65092 SD6005OWC . 550 330 U V 
SED65 192 SD6005 1 WC 
SED65292 SD60052WC 
SED65392 SD60053WC 
SED65492 SD60054WC _ _ _  - 

SED68192 SD60081WC 02/19/93 460 330 U V 
SED65592 SD60055WC I l l 0 1  110 330 J A 

560 330 U V 
570 330 U V 
520 330 U V 
640 330 IJ V 

SED68492 SD60084WC 05/06/93 460 330 U V 
SED68692 SD60086WC 05/06/93 480 330 U V 
Numba of samples 1 
Numbaofdectcts 1 
Minimumdetediar 110 

110 

1-value 

95% UCL 
RME 110 



ATTACHMENT J1 
TABLE 18 

95% UCL CONCENTRATION 
AOC NO. 3 

STREAM AND DRY SEDIMENT METALS 

Location Field ID Sample Date Result SQL CRDL Qual ValidQual Result SQL CRDL Qual ValidQurrl 
SED65092 SD6005OWC 10.7 10.7 10 B V 59.5 59.5 4 0 B  JA 
SED65192 SD6005IWC 6.3 6.3 10 B V 52.3 52.3 4 0 B  JA 
SED65292 SD60052WC 9.8 9.8 10 B V 55.8 S5.8 4 0 B  JA 
SED65392 SD60053WC 12.6 12.6 10 B V 69.7 69.7 40 JA 
SED65492 SD60054WC 11.3 11.3 10 B V 51.6 51.6 4 0 B  JA 

SED68192 SD60081WC 02/19/93 11.10 11.10 10.00 B V 55.00 55.00 40.00 B JA 
SED68492 SD60084WC 05/06/93 6.90 6.90 10.00 B 44.80 44.80 40.00 B 
SED68692 SD60086WC 05/06/93 7.80 7.80 10.00 B 95.40 95.40 40.00 
Number of samples 9 9 

SED65592 SD60055WC 10.8 10.8 IO B V 57 57 4 0 B  JA 

Numberofdetects 
Minimumdetcctsd 
Maximumdeteded 
Average 
StandardDeViation 
t-value 
95%UCL - 

STSDMET3.XLS 

9 
6.30 

12.60 
9.70 
2.06 
1.86 

10.98 

Page 1 

9 
44.80 
95.40 
60.12 
13.98 
1.86 

68.79 



ATTACHMENT J1 
TABLE 18 

95% UCL CONCENTRATION 
AOC NO. 3 

STREAM AND DRY SEDIMENT METALS 

Location Field ID Sample Date Result SQL CRDL Qual ValidQual Result SQL CRDL Qual ValidQual 
SED65092 SD6005OWC 26.1 26. I IO V 293 293 4 V 
SED65192 SD600SlWC 18.8 18.8 IO V 80.3 80.3 4 V 
SED65292 SD600S2WC 28.8 28.8 IO V I89 189 4 V 
SED65392 SD60053WC 31.8 31.8 10 V 67. I 67.1 4 V 
SED65492 SD60054WC 34.4 34.4 IO V I21 121 4 V 
SED65592 SD60055WC 32 32 10 V 164 164 4 V 
SED68192 SD60081WC 02/19/93 33.90 33.90 10.00 V 61.70 61.70 4.00 V 
SED68492 SD60084WC 05/06/93 18.40 18.40 10.00 178.00 178.00 4.00 
SED68692 SD60086WC 05/06/93 25.00 25.00 10.00 54.00 54.00 4.00 
Number of samples 9 9 -  
Number of ddds  9 9 
M i u m d a e a c d  18.40 54.00 
raaxilnum* 34.40 293.00 
Avenge 27.69 134.23 
StMdard Deviation 5.73 14.16 
1-value 1.86 1.86 
9S./OUCL 31.24 180.58 



STSDRAD3.W 

ATTACHMENT J1 
TABLE 19 

95% UCL CONCENTRATION 
AOC NO. 3 

STREAM AND DRY SEDIMENT RADIONUCLIDES 

AMERICIUM-241 @Cue) PLUTONIUM-239/240 (pc i lg)  
Location Field ID Sample Date Result SQL CRDL Qual ValidQual Result SQL CRDL Qual ValidQual 
SED65092 SD6005OWC 02/11/93 0.5977 0.5977 A 
SED65192 SD60051WC 0211 1/93 3.64 3.64 A 
SED65292 SD60052WC 0211 1/93 2.846 2.846 0.014 A 
SED65392 SD60053WC 0211 1/93 4.444 ' 4.444 A 
SED65492 SD60054WC 0211 1/93 0.2491 02491 . 0.004 A 0.5277 0.5277 A 
SED65592 SD6005JWC 02/11/93 0.3269 0.3269 0.003 A 0.7255 0.7255 A 
SED68192 SD6008lWC 02/19/93 0.2695 0.2695 A 0.6766 0.6766 A 
SED68492 SD60084WC 05/06/93 0.2190 0.2190 0.004 0.6290 0.6290 0.018 
SED68692 SD60086WC 05/06/93 0.0593 0.0593 0.0039 0.1190 0.1190 0.013 
Numberofdetcds 5 9 
Number of samples 5 9 
Minimumdetedal 0.0593 0.1190 
Mhmdetedal 0.3269 4.4440 
Average 0.2249 1.5784 
standatd Deviation 0.09oO 1.5168 
t-value 2.132 I .860 
95% UCL 0.3 101 2.5 188 
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A'ITACHMENT J l  
TABLE 20 

95% UCL CONCENTRATION 
AOC NO. 4 

POND SEDIMENT SEMIVOLATILES 

BENZO(a)PYRENE (pgkg) BENZO(b)FLUORANTHENE (pgkg) BIS(2-ETHYLHEXYL)PHTHALATE (p&) 

142.5 SED62192 SD60021WC 11/16/92 750 330 U 750 330 U 590 330 J A 
1500 330 46OOO 330 D V 
2000 330 37000 330 D V 
1450 330 5150 330 V 

142.5 SED62292 SD60022WC 11/16/92 
142.5 SED62392 SD60023WC 11/16/92 
142.5 SED62492 SD60024WC 11/16/92 
142.6 SED62592 SD60025WC 11/18/92 130 330 J 8800 330 V 
142.6 SED62692 SD60026WC I1/18/92 400 800 330 U 330 330 J A 
142.6 SED62892 SD60028WC 11/15/92 410 820 330 U V 410 820 330 U 9OOO 330 V 
142.6 SED62992 SD60029WC 11/18/92 355 710 330 U V 355 710 330 U 2000 330 V 
142.7 SED63092 SD6003OWC 10127192 265 530 330 U 570 330 V 
142.7 SED63192 SD60031WC 10/27/92 250 500 330 U 500 330 U 370 330 J A 

142.7 SED63392 SD60033WC 10/27/92 480 960 330 U no 330 J 9OOO 330 V 
142.7 SED63492 SD60034WC 10128192 250 500 330 U 54 330 J 790 330 V 
142.8 SED63592 SD60035WC 10/22/92 420 330 J 660 330 980 330 V 
142.8 SED63692 SD60036WC 10/26/92 290 330 J 440 330 J 650 330 V 
142.8 SED63792 SD60037WC 10/26/92 420 330 J 1000 330. 2600 330 V 
142.8 SED63892 SD60038WC 10/22/92 370 330 J 660 330 2100 330 V 

Number of samples 19 19 19 
Number of daeas 10 12 I9 
Miumdetoaed 130 54 330 
M e u m -  450 2000 46000 
Average 343.16 668.63 7725.26 
Standard Deviation 100.53 484.61 12224.90 
1-value 1.734 1.734 1.734 
95% UCL 383.15 861.41 12588.41 

142.7 SED63292 SD60032WC 10/28/92 -1 260 330 J 560 330 J 9100 330 V 

statistics based on log nonnal distribution 
95% UCL (see Table 1) 30258 



ATTACHMENT J1 
TABLE 21 

95% UCL CONCENTRATION 
AOC NO. 4 

POND SEDIMENT PCBs 

AROCu)R-1254 (p&) 
IHSS Location FieldID Sample Date Result SQL CRDL Qual ValidQual 
142.5 SED62092 SD6002OWC 11/16/92 1 11001 
142.5 
142.5 
142.5 
142.5 
142.6 
142.6 

' 142.6 
142.6 
142.6 
142.7 
142.7 
142.7 
142.7 
142.7 
142.8 
142.8 
142.8 
142.8 

SED62 192 
SED62292 
SED62392 
SED62492 
SED62592 
SED62692 
SED62792 
SED62892 
SED62992 
SED63092 
SED63 192 
SED63292 
SED63392 
SED63492 
SED63592 
SED63692 
SED63792 
SED63892 

sD60021 wc 
sD60022wc 
sD60023wc 
sD60024wc 
sD60025wc 
SD60026 WC 
sD60027wc 
SD60028WC 
sD60029wc 
sD60030wc 
~ ~ 6 0 0 3  1 wc 
sD60032wc 
sD60033wc 
sD60034wc 
sD60035wc 
SD60036WC, 
sD60037wc 
SD60038WC 

. 
11/16/92 180 
11/16/92 6000 
11/16/92 -1 pi 11/16/92 
11/18/92 
11/18/92 
11/18/92 
11/13/92 6600 
11/18/92 175 
10/27/92 
10/27/92 
10128/92 
10127192 
10/28/92 
10/22/92 
10126192 
10/26/92 
10/22/92 

[-I 

150 

1100 
360 

12000 
5600 
955 

3300 
400 
520 

6600 
350 
250 
270 

2700 
2900 
260 
230 
220 
440 
300 

160 V 
160 U V 
160 U V 

V 160 C 
160 V 
160 C V 
160 V 
160 V 
160 C V 
160 U V 
160 U V 
160 V 
160 C V 
160 V 
160 U V 
160 V 
160 U V 
160 V 
160 U V 

142.8 SED63992 SD60039WC 10126192 I 3001 300 160 V 
Number of samples 20 
Number of daeas 13 
Minimum detected 230 
Maximum ddected 6600 
AVeragc 
Standard Dcviation 
1-value 

1609.25 
2107.23 

1.729 
95YoUCL 2423.94 
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A'ITACHMENT J1 
TABLE 22 

95% UCL CONCENTRATION 
AOC NO. 4 

POND SEDIMENT METALS 

ANTIMONY (mgkg) SILVER (m&) 
IHSS Locltim FieldlD Sample Da~e Reruh SOL CRDL Qual ValidQual Rcsuh ' SQL CRDL Qual VdidQual 
142.5 SED62092 SD60020WC I1116/92 R I  57.31 57.3 2 V 
142.5 
142.5 
142.5 
142.5 
142.6 
142.6 
142.6 
142.6 
142.6 
142.7 
142.7 
142.7 
142.7 
142.7 
142.8 
142.8 
142.8 
142.8 

SED62192 
SED62292 
SED62392 
SED62492 
SED62592 
SED62692 
SED62792 
SED62892 
SED62992 
SED63092 
SED63 192 
SED63292 
SED63392 
SED63492 
SED63592 
SED63692 
SED63792 
SED63892 

sD60021wc 
sD60022wc 
sD60023wc 
s m 2 4 w c  
sD60025wc 
SD60026WC 
s m 2 7 w c  
SD60028WC 
sD60029wc 
sD60030wc 
s m 3  1 wc 
sD60032wc 
sD60033wc 
sD60034wc 
s m 3 5 w c  
SD60036WC 
s m 3 7 w c  
SD60038WC 

I1/16/92 
11/16/92 
11/16/92 
11/16/92 
11/18/92 
11/18/92 
11/18/92 
11/1J/92 
11/18/92 
10/27/92 
10/27/92 

I0/27/92 
10/28192 
10/22/92 
10/26/92 
1 On6192 

10/28/92 1- 

10/22/92 n 

68.5 12 

24.7 12 

25.6 12 

R I] 6.5 2 V 

R 
R 
R 20.9 
R 15.2 
R 
R 

R 
JA 
R 240 
R 20.3 
JA 0.85 
R 0.95 
R 1.25 
JA 1.15 

129 
124 

49.1 
141 

20.9 
15.2 
207 
2.6 

12.7 
15.2 
239 
240 
20.3 

I .7 
1.9 
2.5 
2.3 

2 V 
2 V 
2 V 
2 V 
2 JA 
2 V 
2 V 
2 u  V 
2 V 
2 V 
2 V 
2 V 
2 V 
2 u  JA 
2 u  V 
2 u  V 
2 u  JA 

142.8 SED63992 SD60039WC 10/26/92 ' R  0.97s I .9J 2 u  V 
Number of samples 3 20 
Numbcrofdaecte 3 14 
M i n i m u m u  24.7 6.5 
Mwimumdacaed 68.5 240 
Average 39.60 64. I8 
StaadardDcviatiOn 20.44 81.94 
1-value 2.92 1.729 
95% UCL 74.06 95.86 



142.5 
142.5 
142.5 
142.5 
142.5 
142.6 
142.6 
142.6 
142.6 
142.6 
142.7 
142.7 
142.7 
142.7 
142.7 
142.8 
142.8 
142.8 
142.8 

10/22/92 
10/26/92 
10/26/92 
10/22/92 

142.8 SED63992 SD60039WC 10/26/92 

SED62092 
SED62192 
SED62292 
SED62392 
SED62492 
SED62592 
SED62692 
SED62792 
SED62892 
SED62992 
SED63092 
SED63 192 
SED63292 
SED63392 
SED63492 
SED63592 
SED63692 
SED63792 
SED63892 

28.5 28.5 10 V 
20.9 20.9 IO V 
35.4 35.4 IO V 
46.2 46.2 10 V 

35.25 35.25 10 V 

sD6002owc 
sD60021wc 
s m 2 2 w c  
sD60023wc 
sD60024wc 
sD60025wc 
SD60026WC 
sD60027wc 
SD60028WC 
sD60029wc 
sD6003owc 
sD6003 1 wc 
sD60032wc 
sD60033wc 
sD60034wc 
s m 3 5 w c  
SD60036WC 
sD60037wc 
SD60038WC 

ATTACHMENT J1 
TABLE 22 

95% UCL CONCENTRATION 
AOC NO. 4 

POND SEDIMENT METALS 

VANADW(mg/kg) 
IHSS Location FieldID Sample LMe Resuh SQL CRDL Qual ValidQual 

11/16/92 I 28.71 28.7 10 B V 
11/16/92 
11/16/92 
11/16/92 
11/16/92 
11/18/92 
11/18/92 
11/18/92 
11/15/92 
11/18/92 
10/27/92 
10/27/92 
10/28/92 

21.5 

25.3 
23.3 
20.5 

30. I 

30.5 
33. I 
27.6 
23.9 
20.8 
21.5 
24.2 
25.3 
23.3 
20.5 
27.4 
30. I 

10 
10 
10 
10 
10 
10 
IO 
IO 
IO 
10 
IO 
10 

V 
V 
V 
V 

JA 
JA 
JA 
JA 
JA 
V 
V 
V 

20 
20.5 
46.2 / 

28.21 
6.16 

1.729 
30.59 

- 
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ATTACHMENT J1 
TABLE 23 

95% UCL CONCENTRATION 
AOC NO. 4 

POND SEDIMENT RADIONUCLIDES 

AMERICnlM-241 @Ci/p) PLUTONIUh4-239/240 @CUP) 

IHSS Location Field ID S q l e D a t e  Resuh SQL CRDL Qual ValidQual ResUlt SQL CRDL Qual ValidQual 
142.5 SED62092 SD6002OWC 11/16/92 96.1 I 96.1 I 0 A . R  
142.5 
142.5 
142.5 
142.5 
142.6 
142.6 
142.6 
142.6 
142.6 
142.7 
142.7 
142.7 
142.7 
142.7 
142.8 
142.8 
142.8 
142.8 

SED62 192 
SED62292 
SED62392 
SED62492 
SED62592 
SED62692 
SED62792 
SED62892 
SED62992 
SED63092 
SED63192 
SED63292 
SED63392 
SED63492 
SED63592 
SED63692 
SED63792 
SED63892 

sD6002 I wc 
sD60022wc 
sD60023wc 
sD60024wc 
sD60025wc 
SD60026WC 
sD60027wc 
SD60028WC 
sD60029wc 
sD6003owc 
sD6003 1 wc 
sD60032wc 
sD60033wc 
sD60034wc 
sD60035wc 
SD60036WC 
sD60037wc 
SD60038WC 

11/16/92 
11/16/92 
11/16/92 
11/16/92 
11/18/92 
11/18/92 
11/18/92 
11/15/92 
1l/l8/92 
10/27/92 
30/27/92 
10/28/92 
10/27/92 
10/28/92 
lor2282 
10/26/92 
10/26/92 
10/22/92 

7.861 
156.5 
194.5 
47.87 

15.1 
9.2 

4.91 
23.1 
4.58 

3.426 
2.746 
42.23 
63.07 
6.995 

0.4584 
0.5881 
0.4841 

2 . i n  

7.861 0 
156.5 0 
194.5 0 
47.87 0 

15.1 0 
9.2 0 

4.91 0 
23.1 0 
4.58 0 

3.426 . o  
2.746 0.006 
42.23 0 
63.07 . 0 
6.995 0 
2.177 0 

0.4584 0 
0.5881 0.004 
0.4847 0 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

20.65 

92 
41.2 
26.9 
13.1 
36.9 
1S.7 

11.99 
7.568 
115.8 
180.2 

8.37 
0.8329 

1.338 
0.9002 

20.65 0.028 

92 0.22 
41.2 0 
26.9 0.008 
13.1 0 
36.9 0.009 
lS.7 0.006 

11.99 0.021 
7.568 0 
llS.8 0.155 
180.2 0 

8.37 0.007 
0.8329 0 

1.338 0 
0.9002 0.006 

A 
R 
R 
A 
A 
A 
A 
A 
A 
A 
A 

. A  
A 
R 
A 
A 
A 
A 

142.8 ~ ~ ~ 6 3 9 9 2  s~60039wc 10/26/92 0.5321 03321 0 A R 
Number of samples 20 I5 

27 
0.458 
194.5 
34.12 
53.55 
I .706 
s4.55 

I5 

180.2 
38.23 
49.88 
I .76 1 
60.9 I 

0.833 



ATTACHMENT J1 
TABLE 24 

95% UCL CONCENTRATION 
AOC NO. 4 

POND SURFACE WATER VOLATILES 

142.7 SW63092 SWU603OWC 10/05/92 2.5 5 s u ‘ V  
142.7 SW63192 SWU6031WC 10/05/92 2.5 5 5 u  V 
142.7 SW63292 SWU6032WC 10/05/92 2.5 5 5 u  V 
142.7 SW63392 SWU6033WC 10/05/92 2.5 5 5 u  V 
142.7 SW63492 SWU6034WC 10/05/92 2.5 5 5 u  V 
142.8 SW63592 SWU603SWC 10/01/92 2.5 5 5 u  V 
142.8 SW63692 SWU6036WC 10/01/92 2 3  5 5 u  V 
142.8 SW63792 SWU6037WC 10/01/92 2.5 5 5 u  V 
142.8 SW63892 SWU6038WC 10/01/92 2,s 5 5 u  V 
142.8 SW63992 SWU6039WC 10/01/92 2.5 5 5 u  V 

1 1 5 J  A 

1 1 5 J  A 

1 1 S J  A 

1 1 5 J  A 

1 1 5 J  A 
1.5 1.5 5 J  A 

2 2  5 J  A 

0.8 0.8 5 J  A 

2 2  5 J  A 

0.8 0.8 5 J  A 
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ATTACHMENT J1 
TABLE 24 

95% UCL CONCENTRATION 
AOC NO. 4 

POND SURFACE WATER VOJATILES 

TRICHIDROETHENE (@) 

IHSS Location FicldID Sample Date Result SQL CRDL Qual ValidQual 
1423 SW62092 SWU602OWC 09/21/92 2.5 5 5 u  V 
1423 SW62192 SWU6021WC 09/21/92 2.5 5 5 u  V 
142.5 SW62292 SWU6022WC 09/21/92 2.5 5 5 u  V 
142.5 SW62392 SWU6023WC 09/23/92 2.5 5 5 u  V 
142.5 SW62492 SWU6024WC 09/21/92 5 5 u  V 

5 J  A 

5 J  A 

142.6 SW62792 SWU6027WC 09/23/92 2 5 J  A 

142.6 SW62592 SWU6025WC 09/23/92 
142.6 SW62692 SWU6026WC 09/24/92 

142.6 SW62892 SWU6028WC 09/23/92 2 5 J  A 

142.6 SW62992 SWU6029WC 09/24/92 2.5 5 5 u  V 

142.7 SW63092 SWU603OWC lO/OS/92 2.5 5 5 u  V 
142.7 SW63192 SWU6031WC 10/05/92 2.5 5 5 u  V 
142.7 SW63292 SWU6032WC 10/05/92 2.5 5 5 u  V 
142.7 SW63392 SWU6033WC 10/05/92 2.5 5 5 u  V 
142.7 SW63492 SWU6034WC 10/05/92 2 3  5 5 u  V 
142.8 SW63592 SWU6035WC 10/01/92 2.5 5 5 u  V 
142.8 SW63692 SWU6036WC IOl01/92 2.5 5 5 u  V 
142.8 SW63792 SWU6037WC 10/01/92 2.5 5 5 u  V 
142.8 SW63892 SWU6038WC 10/01/92 2.5 5 5 u  V 
142.8 SW63992 SWU6039WC 10/01/92 6 6 5 V 
Number of samples 21 

: 
142.6 SW62892 SWU6061WC 09/23/92 I] 2 5 J  A 

Number of detects 6 
Minimum deteacd 2 
Maximumdeteacd 6 
Average 2.64 
standard Deviation 0.85 
1-value 1.725 
95% UCL 2.96 
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A l T A C m N T  J1 
TABLE 25 

95% UCL CONCENTRATION 
AOC NO. 4 

STREAM AND DRY SEDIMENT SEMIVOLATILES 

BENZO(a)ANTHRACENE (p&) BENZO(a)PYRENE (pgkg) 
Location Field ID SampleDate Result SQL CRDL Qual VdidQual RCSUh SQL CRDL Qual ValidQual 

SED65992 SD60059WC 225 330 J A 455 455 330 U V 
SED66092 SD6006OWC 290 580 330 U V 580 580 330 U V 
SED66192 SD60061WC 240 480 330 U V 480 480 330 U V 
SED66292 SD60062WC 300 600 330 U V 600 600 330 U V 
SED66392 SD60063WC 235 470 330 U V 470 470 330 U V 
SED66492 SLWlO64WC 490 330 U V 490 490 330 U V 

SED69792 SD60097WC 05110/93 215 430 330 U V 215 430 330 U V 

SED69992 SD60099WC 05110193 I90 3 80 330 U V 190 380 330 U V 

Numbcr of samples 12 12 

SED65892 SD60058WC 200 330 J A L  2301 230 330 J A 1 

SED66592 SD60065WC -1 280 330 J A 1-l 380 330 J A 

SED69892 SD60098WC 05110/93 7 1  360 330 J A -4101 410 330 J A 

SED70092 SD60100WC 05/10/93 r 430 I 430 330 V I  4801 480 330 V 

Number of detects 
Minimumdctoctod 
Maximumdctrded 

StandsrdDcViation 
t-value 
95% UCL 

Avcragc 

5 
200 
430 

267.5 
67.16 
1.796 

302.32 

4 
230 
480 
s i 5  

131.10 
1.796 

482.97 
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ATTACHMENT J1 
TABLE 25 

95% UCL CONCENTRATION 
AOC NO. 4 

STREAM AND DRY SEDIMENT SEMIVOLATILES 

BENZO@)FLUORANTHENE (&) INDEN0(1,2,3d)PYRENE @&) 
Location Field ID Sample Date Rcguh SQL CRDL Qual ValidQual Result SQL CRDL Qual ValidQual 
SED6S892 SD600S8WC 280 280 330 J A 560 330 U V 

SED66092 SD6006OWC 290 S80 330 U V S80 330 U V 
SED66192 SD60061WC 240 480 330 U V 480 330 U V 
SED66292 SD60062WC 300 600 330 U V 600 330 U V 
SED66392 SD60063WC 23 5 470 330 U V 23 5 470 330 U V 
SED66492 SD60064WC 245 490 330 U V 490 330 U V 

SED69792 SD60097WC 05110/93 215 430 330 U V 215 430 330 U V 

SED69992 S-WC OS110/93 190 380 330 U V I90 380 330 U V 

I SED65992 SD60059WC 340 340 330 J A I-1 130 330 J A 

SED66592 SD60065WC 1-1 500 330 V L-1 190 330 J A 

SED69892 SD60098WC 05110193 -1 550 330 V -1 150 330 J A 

SED70092 SD6OIOOWC 05110193 6501 650 330 V I  1801 I 8 0  330 J A 
Number of samples I2 7 

4 
I30 
190 

184.29 
33.21 
1.943 

208.68 

5 
280 
650 

336.25 
141.86 
1.796 

409.80 



ATTACHMENT J1 
TABLE 26 

95% UCL CONCENTRATION 
AOC NO. 4 

STREAM AND DRY SEDIMENT METALS 

COBALT (mgkg) STRONTIUM (In&) 
Location Field Id Sample Date Result SQL CRDL Qual ValidQual R W l t  SQL CRDL Qual ValidQual 
SED65892 SD60058WC 11.5 11.5 10 B JA 73.7 73.7 40 JA 
SED65992 
SED66092 
SED66 1 92 
SED66292 
SED66392 
SED66492 
SED66592 
SED69792 
SED69892 
SED69992 

sD60059wc 
SD6006OWC 
SD6006 1 WC 
SD60062WC 
SD60063 WC 
sD60064wc 
SD60065WC 
SD60097WC 05llOI93 
SD60098WC 05110193 
SD60099WC 05110I93 

7.4 
8.8 
7.5 
7.1 
9.6 
8.1 
7.6 

8.50 
8.40 
5.30 

7.4 IO B 
8.8 10 B 
7.5 IO B 
7.1 10 B 
9.6 10 B 
8. I 10 B 
7.6 IO 0 

8.50 10.00 B 
8.40 10.00 B 
5.30 10.00 B 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

55.65 JJ.65 4 0 B  JA 
92.4 92.4 40 JA 
44. I 44.1 4 0 B  JA 

60 . 60 4 0 B  JA 
58.5 58.5 40 JA 
82.8 82.8 40 JA 
52.7 52.7 4 0 B  JA 

70.40 70.40 40.00 JA 
62.30 62.30 40.00 JA 
20.10 20.10 40.00 B JA 

SED70092 SD601OOWC 05/10/93 5.40 5.40 10.00 B JA 95.80 95.80 40.00 JA 
Number of samples 12 12 
Number of detects 
Minimumdaeaed 
Maximumdeteaed 
Awrage 
StandardDeViation 
t-value 
95% UCL 

12 
5.3 

11.5 
7.93 
1.62 

1.796 
8.77 

12 
20.1 
95.8 

64.04 
20.16 
1.796 
74.49 

Statirtcs based on log normal distribution 
95% UCL (see Table 1) 
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ATTACHMENT J1 
TABLE 26 

95% UCL CONCENTRATION 
AOC NO. 4 

STREAM AND DRY SEDIMENT METALS 

VANADIUM (mg/kg) ZINC (wk) 
Location Field Id Sample Date RCWh SQL CRDL Qual ValidQual R m h  SQL CRDL Qual ValidQual 

SED65992 SD60059WC 27.95 27.95 IO V I91 191 4 V 
SED66092 SD6006OWC 25.5 25.5 IO V 89 89 4 V 
SED66192 SD60061WC 20.2 20.2 IO V 55.3 55.3 4 V 
SED66292 SD60062WC 16.4 16.4 IO B V 56.7 56.7 4 V 
SED66392 SD60063WC 23.8 23.8 IO V 89.1 89. I 4 V 
SED66492 SD60064WC 29.9 29.9 IO V 56.6 56.6 4 V 
SED66592 SD60065WC 25 25 IO V I03 I03 4 V 
SED69792 SD60097WC 05/10/93 16.30 16.30 10.00 V 73.70 73.70 4.00 JA 
SED69892 SD60098WC 05/10/93 25.10 25.10 10.00 V 117.00 117.00 4.00 JA 
SED69992 SD60099WC 05110/93 23.30 23.30 10.00 V 31.30 31.30 4.00 JA 
SED70092 SD601OOWC 05110/93 31.30 31.30 10.00 V 76.30 76.30 4.00 JA 
Number of samples 12 12 
Number of daeas 12 I2 
Minimumdsteded 16.3 31.3 
Maximumdeteckd 31.3 286 
Average 24.30 102.08 
Standard Deviation 4.54 67.76 
1-value 1.796 1.796 
95% UCL 26.66 137.21 

SED65892 SD60058WC 26.9 I 26.9 IO JA 286 286 4 V 

Statistics based on lognormal distribution 
95Y0 UCL (see Table I )  152.6 



ATTACHMENT J1 
TABLE 27 

95% UCL CONCENTRATION 
AOC NO. 4 

STREAM AND DRY SEDIMENT RADIONUCLIDES 

AMERICIUM-24 I @Ci/g) PLUTONIUM-239/240 (pci/g) 
Location Field ID Sample Date ReSUlt SQL CRDL Qual ValidQual Result SQL CRDL Qual ValidQual 
SED65892 SD60058WC 02/17/93 0.7932 0.7932 A 0.7277 0.7277 0.008 A 
SED65992 SD60059WC 02/17/93 1.293 1.293 0.003 A 0.97535 0.97535 A 
SED66092 SD6006OWC 02/17/93 1.248 1.248 0.004 A 
SED66 192 SD6006l WC 0211 7/93 0.368 0.368 0.002 A 0.851 0.851 0.013 A 
SED66292 SD60062WC 02/18/93 0.3953 0.3953 0.005 A 0.7276 0.7276 0.01 A 
SED66392 SD60063WC 02/18/93 0.673 1 0.673 1 0.006 A 1.304 1.304 0.004 A 
SED66492 SD60064WC 02/18/93 0.07457 0.07457 0.003 A 0.1484 0.1484 A 
SED66592 SD60065WC 02/18/93 0.3273 0.3273 A 3.095 3.095 0.003 A 
SED69792 SD60097WC 05/10/93 0.0332 0.0332 0.0225 4.0083 -0.0083 0.061 1 
SED69892 SD60098WC 05110/93 0.3120 0.3120 0.00395 0.3400 0.3400 0.0142 
SED69992 SD60099WC 05/10/93 0.0186 0.0186 0.00419 0.0675 0.0675 0.01 51 
SED70092 SD601OOWC 05/10/93 0.7460 0.7460 0.00452 1.9500 1.9500 0.0120 
Number of samples 11 12 
Number of detects 11 12 

- 
Minimum detected 0.0186 -0.0083 
Maximum detected 1.293 3.0950 
Average 0.4577 0.9522 
Standard Deviation 0.3705 ' 0.8483 
1-value 1.812 1.796 
95% UCL 0.6601 1.3920 
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ATTACHMENT J1 
TABLE 28 

95% UCL CONCENTRATION 
AOC N0.2, TOTAL AREA 

CHEMICALS OF INTEREST IN GROUNDWATER 

ANTIMONY (14) ARSENIC (rd) 
Location Field ID Sample Date RCSUh SOL CRDI. QUAI ValidQual R a h  SQL CRDL Qurl VrlidQual 

GWO2 172IT 12/19/91 28.65 57 30 6000 U JA 1.00 2.00 10.00 U V 0269 1 
02691 
02691 
02691 
02691 
3586 
3586 
3586 
3586 
3586 
B208089 
B208089 
€209789 
P209789 
P209789 
P209789 
no9789 
P209789 
P209789 

OW025 I3IT 
GW02856IT 
GW03215IT 
GW03826IT 
GW01818IT 
GW02195IT 
GW02631IT 
GW03217IT 
GW03828IT 
OW01 820IT 
GW02635IT 
GWOOO2 1 WC 
GWO 16 I O I T  
GW01837IT 
GWO2239IT 
GW02789IT 
GW03 I86IT 
GW03551IT 

02/27/92 
OW 14/92 
08/03/92 
11/09/92 
I0/08/9 I 
01110/92 
04/07/92 
08/05/92 
12/10/92 
I0/08/9 1 
04/10/92 
02/09/93 
08/01/9 1 
1011 1/91 
0 1/20/92 
04/24/92 
07/20/92 
1011 6/92 

4.00 
9.00 
9.40 

15.00 
16.00 
4.00 
9.00 
8.50 
7.00 

26.55 
9.00 

15.50 

28.90 
4.00 
9.00 

10.00 
12.20 

28.401 

R O O  
18.00 
18.80 
30.00 
32.00 
8.00 

18.00 
17.00 
14.00 
53.10 
18.00 
31.00 
28.40 
57.80 
8.00 

18.00 
20.00 
24.40 

60.do U 
60.00 U 
18.80 U 
60.00 U 
60.00 U 
60.00 U 
60.00 U 
60.00 . u 
60.00 U 
60.00 U 
60.00 U 
17.00 U 
60.00 B '  
60.00 U 
60.00 U 
60.00 U 
60.00 U 
24.40 U 

V 
JA 
V 
V 
JA 
JA 
V 
V 
V 
JA 
V 
V 

JA 
V 
V 
V 
V 

I 
28.40 
28.40 
13.38 
8.13 

1.729 
16.52 

2.00 10.00 
1.10 10.00 
I30 , 1 .OO 
1.40 10.00 
2.00 10.00 
3.80 10.00 
2.80 10.00 
3.40 10.00 
6.20 10.00 
3.00 10.00 
2.00 10.00 

1 .00 2.00 10.00 
I----+$ 2.10 2.00 

2.00 10.00 
'1.60 10.00 

0.50 I .00 10.00 
030 1 .00 10.00 

U JA 
BN JA 

JA 
B V 
uw V 
B V 
B V 

UBN JA 
B V 
B V 
U V 

JA 
U 
UN JA 
B V 
U V 
U V 
U JA 0.40 0.80 0.80 

76292 GW00533WC 04/21/93 13.50 27.00 17.00 U V I 5.101 5.10 2.00 JA 
Number of samples 20 20 
Number of deteas 
M i n i m u m M  
Ms~cimum* 
Average 
standard Deviation 
t-value 
95% UCL 

1 

IO 
1.10 
6.20 
1.89 
1.53 

I .729 
2.48 



a 

0269 1 GW02172IT 12/19/91 1.2 2.40 5.00 U JA 

ATTACHMENT J1 
TABLE 28 

95% UCL CONCENTRATION 
AOC N0.2, TOTAL AREA 

CHEMICALS OF INTEREST IN GROUNDWATER 

48 1 .00 48 1 .OO 15.00 V 
202.00 
135.00 

02691 
0269 1 
0269 1 
0269 I 
3586 
3586 
3586 
3586 
3586 
0208089 
0208089 
P209789 
P209789 
P209789 
P209789 
P209789 ' 
P209789 
P209789 

GW025 13IT 
GW02856IT 
GW03215IT 
GW03826IT 
GW018 I8IT 
GW02195IT 
GW0263 I IT 
GW032 17IT 
GW03828IT 
GW01820IT 
GW02635IT 
GW00021 WC 
GW01610IT 
GW01837IT 
GWO2239IT 
GW02789IT 
GW03186IT 
GW0355 I IT  

02/27/92 
05/14/92 
08/03/92 
l1/09/92 
10/08/91 
01110/92 
04/07/92 
08/05/92 
l2/10/92 
10/08/91 
04/10192 
02/09/93 
08/01/91 
10/11/91 
0 1/20/92 
04/24/92 
07/20/92 
IO11 6/92 

1.2 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
I .5 
0.4 

I .oo 
1.30 
1.10 
2.40 
1 .00 
1 .OO 
1.00 
1 .00 
1.00 
1 .00 
1 .00 
1 .oo 
1 .00 
1 .oo 
1 .OO 
I .00 
3.00 
0.80 

5.00 U 
5.00 B 
0.60 
5.00 U 
5.00 ' u 
5.00 U 
5.00 U 
5.00 U 
5.00 U 
5.00 U 
5.00 U 
1 .OO U 
5.00 U 
5.00 U 
5.00 U 
5.00 U 
5.00 U 
0.80 U 

V 
V 
JA 
JA 
V 
V 
V 
V 
V 
V 
V 
V 

V 
V 
JA 
V 
V 

202.00 . 15.00 
135.00 15.00 
209.00 1.40 
252.00 15.00 
913.00 15.00 

3540.00 15.00 
3280.00 15.00 
4170.00 15.00 
3740.00 15.00 

123.00 15.00 
285.00 15.00 

2.10 1.00 
10.00 15.00 
14.40 15.00 

109.00 15.00 
11.00 19.00 
2.00 15.00 

15.20 2.10 

209.00 

123.00 
285.00 

109.00 

1 .OO 
I 15.201 

v .  
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

B 
BN* JA 

E V 
B V 
U JA 

V 
V 76292 GW00533WC 04/21/93 I 2.61 2.60 1 .00 V I 529.00 529.00 1 .00 

Number of samples 20 20 
Number of detcas 3 19 
Minimumdaccccd 1.10 2.10 
M*daccccd 2.60 4170.00 
Average 0.79 90 1.09 
standard Deviation 0.53 1415.05 
t-value 1.729 1.729 
95% UCL 1 .oo 1448.17 
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ATTACHMENT J1 
TABLE 29 

95% UCL CONCENTRATION 
BACKGROUND GROUNDWATER ANTIMONY 

ANTIMONY (ud) 
Location FieldID SampleDate Result WellAve SQL CDRL Qual Valid- 
B102289 GW01785IT 9/17/91 3.50 7.00 60.0 U JA 
B102289 GW02126IT 1u12191 18.05 36.10 60.0 U JA 

8.00 60.0 U V B102289 GW02482lT 2/28/92 4.00 
8102289 GW02944IT st.16~2 9.00 18.00 60.0 U V 
8102289 GW03218IT ~ n 8 ~ 2  10.00 20.00 60.0 U V 
B102289 GW03795IT 10/27/92 30.00 12.43 60.00 60.0 U 

.............. I ........ 
8200589 
B200589 
B200589 
B200589 
B200589 
B200589 
B200589 

............................ ........ 
GWO m 4 I T  
GW02043IT 
GW02322IT 
GWO2322IT 
OW03030IT 
GW03471IT 
GW03790IT 

. . , , . . . . . . . . . . . . . . . . . . . . . 
9/19/91 

3/28/92 
1/28/92 
6/26/92 
9/23/92 
11/5/92 

izn19 I 

. . . . . . . . . . . . . . . . . 
14.05 
86.60 
3.60 
4.00 
9.00 

30.00 
15.00 

- - -  ........ 
28.10 60.0 U JA 
86.60 60.0 JA 
7.20 60.0 U 
8.00 60.0 U JA 

18.00 60.0 U V 
60.00 60.0 U 

23.18 30.00 60.0 U . . . . . . . . . 

B200789 GW01773IT 9/13/91 ' 7.10 
- - - -. - . . - . .. .. . .. 

B200789 GWOZSS4IT 38/92 4.00' 8.00 60.0 U JA 

B200789 GW0298 1 IT 6/2/92 9.00 18.00 60.0 U V 
B200789 GW03269IT 811 8/92 30.00 60.00 60.0 U 

' B200789 GW03785IT 10/26/92 30.00 16.02 60.00 60.0 U 

B201189 GW02103IT 12/11/91 17.30 17.30 60.0 B V 
B201189 GW02522IT 2/27/92 4.00 8.00 60.0 U V 
8201-189 GW02972IT 6/5/92 9.00 18.00 60.0 U V 
B201189 GW03275IT 7/30/92 10.00 20.00 60.0 U V 

'B201589 GW02104IT 1211 019 1 17.30 17.30 60.0 B JA 
8201589 GW02973IT 6/5b2 9.00 13.15 18.00 60.0 UN JA 

B202589 GW01753IT 911 019 1 25.00 50.00 60.0 U V 
B202589 GW02099IT 12/9/9 1 8.70 8.70 60.0 B JA 
B202589 GWO2544IT m / 9 2  9.00 18.00 60.0 UN V 
B202589 GW02967IT 5/29/92 9.00 18.00 60.0 U V 
B202589 GW03325IT 8/13/92 30.00 60.00 60.0 U 
8202589 GW03766IT 

8203289 GW01782IT 9/17/91 3.50 7.00 60.0 U JA 
B203289 GW02040IT 1211 1/91 11.50 23.00 60.0 U JA 
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ATTACHMENT J1 
TABLE 29 

95% UCL CONCENTRATION 
BACKGROUND GROUNDWATER ANTIMONY 

Location FieldID SampleDate R e d  Well Ave SQL CDRL Qual Valid- 
B203289 GW02498IT 2/21/92 8.40 8.40 60.0 B 
B203289 GW03270IT 811 1/92 30.00 60.00 60.0 U 

B302789 GW02144IT 1211 s/9 1 13.4s 26.90 60.0 U JA 
B302789 GWOJOSZIT 6/9/92 9.00 18.00 60.0 U V 

1 o n m 2  12 20 11 SS 24.40 24.4 U B302789 GW037S9lT ion2192 12.20 1135 24.40 24.4 U 

8302989 GW01672IT 8/29/9 1 4.00 8.00 ... 60.0 U 
B302989 GW02069IT 12/7/9'l 21.90 21.90 60.0 B JA 
B302989 GW02492IT 2/21/92 4.00 8.00 60.0 U V 
8302989 GW03051IT 6/4/92 9.00 18.00 60.0 UN JA 
B302989 GW03401IT 811 3/92 30.00 60.00 60.0 U 

8302989 GW01672IT 8/29/9 1 4.00 8.00 .. 60.0 U 
B302989 GW02069IT 12/7/91 21.90 21.90 60.0 B JA 
B302989 GW02492IT 2/21/92 4.00 8.00 60.0 U V 
8302989 GW03051IT 6/4/92 9.00 18.00 60.0 UN JA 
B302989 GW03401IT 811 3/92 30.00 60.00 60.0 U 
8302989 GWO37S2IT 11/6/92 1s.00 13.98 30.00 60.0 U 

8400189 GW02052lT 11/25/91 22.9s 45.90 60.0 U JA 
B400189 GWO24S6IT 2/13/92 14.80 14.80 60.0 BN JA 
B400189 GW03033IT 6/2/92 9.00 18.00 60.0 U V 
B400189 GW03034IT 6/S/92 9.00 18.00 60.0 U V 
B400189 GW03397IT 8120192 20.18 40.35 28.2 U V 
B400189 GW03753IT 11/19/92 7.00 13.82 14.00 60.0 U 

a 

B400389 GWO2OS3IT 11/2S/91 35.00 70.00 60.0 U JA 
B400389 GW02444IT 2/7/92 4.00 8.00 60.0 U V 
B400389 GW02960IT 6/8/92 9.00 18.00 60.0 U V 
€3400389 GW03479IT 9/23/92 30.00 60.00 60.0 U 
-389 GW03762IT 11/12/92 1s.00 17.92 30.00 60.0 U 

B401989 GW01745IT 91619 1 2s.00 SO.00 60.0 U V 
B401989 GW02070lT I2/14/9 1 1630 16.50 60.0 B V 
B401989 GW02583IT 3/13/92 9.00 18.00 60.0 U V 
E401989 GW03066IT 6/24/92 9.00 18.00 60.0 U V 
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AlTACHMENT J1 
TABLE 29 

95% UCL CONCENTRATION 
BACKGROUND GROUNDWATER ANTIMONY 

ANTIMONY (upn) 
Lacation Field ID SamplcDate Result WellAve SQL CDRL Qual ValidQua 
8401989 GW03339IT 8/6/92 30.00 60.00 60.0 U 
8401989 GW03748lT ionim 30.00 19.92 60.00 60.0 U 

.. .. 
8402689 GW01716lT 8/27/9 1 4.00 8.00 60.0 U 
8402689 GW02123IT 12/14/91 22.00 22.00 60.0 B V 
8402689 GW02948lT 5/28/92 9.00 18.00 60.0 U V 

'8405586 GW02168IT 1211 8/91 19.03 38.0s 60.0 U JA 
8405586 GW02452IT 3/13/92 20.70 20.70 60.0 B V 
8405586 GW02993IT 611 1/92 9.90 19.80 19.8 U V 
8405586 GW03343lT 8/18/92, 30.00 60.00 60.0 U 
8405586 GW03745lT 12/8/92 16.50 18.82 33.00 17.0 U 

8405789 GWO1784IT 9/17/91 3.50 7.00 60.0 U JA 
840S789 GWO2055IT 1 1/26/9 I 18.35 36.70 60.0 U JA 

8.00 60.0 U V 8405789 GW02442lT 2/10/92 4.00 
8405789 GW02963IT 6/8/92 9.00 18.00 60.0 U V 
B405789 GW03419IT 9/22/92 30.00 60.00 60.0 U 
8405789 GW0376SIT 11110/92 30.00 15.81 60.00 60.0 U 

Number of Samples 
Number of Dcteccr 

Minimum Detecicd 
Maximum Dataed 
Avrrage 

Number of wells sampled 
Number of wells with daeas 
Minimum well average 

Maximum well average 
Average 
Standard Deviation 
1-value 
9 w o  UCL (1) 

I52 
26 

7.10 
86.60 
16.26 

31 
23 

330 
23.18 
15.53 
3.55 

1.697 
16.61 
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ATTACHMENT J1 
TABLE 30 

95% UCL CONCENTRATION 
BACKGROUND GROUNDWATER ARSENIC 

Location FieldID SampleDate Result WellAve SQL CDRL Qual Valid@ 
8102289 GW01785IT 9/17/91 . 1.0 2.0 10.0 u V 
8102289 GW02126IT 12/12/91 2.0 2.0 10.0 B V 
8102289 GW02482IT 2/28/92 1.0 2.0 10.0 u V 
B102289 GW02944IT 5n6192 2.3 2.3 10.0 B V 
B102289 GW03218IT 7 n m  0.6 1.3 10.0 U V 

B200589 GW02043IT 12/7/91 3.0 3.0 10.0 B V 
B200589 GW02322IT 1/28/92 0.5 1.0 10.0 u V 
B200589 GW03030IT 6/26/92 0.5 1.0 10.0 u V 
B200589 GW03471IT 9/23/92 5.0 10.0 10.0 UWN 

B200789 GW02095IT 
B200789 GW02554IT 
B200789 GW02981IT 
B200789 GW03269IT 

12/7/91 1.0 2.0 10.0 u V 
3/3/92 1.0 2.0 ' 10.0 u ' v 
6/2/92 1.0 2.0 10.0 UN JA 

8/18/92 5.0 , 10.0 10.0 u 
B200789 GW037851T 10126192 10.0 3.2- 10.0 10.0 UW 

B201189 GW02103IT 1u11/91 1.0 2.0 10.0 u V 
B201189 GW02522IT 2/27/92 1.0 2.0 10.0 u V 
8201189 GW02972IT 66/92 2.9 2.9 10.0 BN JA 
B201189 GW03275IT 7/30/92 0.5 1.0 10.0 UN JA 
B201189 GW03774IT 1Ol20192 5.0 2.1 10.0 10.0 u 

B201589 GW02104IT 12110/91 1.0 2.0 10.0 u V 

B202589 GW02099IT 12/9/91 1.0 2.0 10.0 u V 
B202589 GW025441T 3/26/92 1.0 2.0 10.0 UN v 
B202589 GW02967IT 5129192 1.1 1.1 10.0 B V 
B202589 GW03325IT 8/13/92 5.0 10.0 10.0 UN 
B202589 GW03766IT 
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ATTACHMENT J1 
TABLE 30 

95% :UCL CONCENTRATION 
BACKGROUND GROUNDWATER ARSENIC 

ARSENIC (ug) 
Location Field ID SampleDate Rcsuh WellAve SQL CDRL Qual Valid@ 
B203289 GWOl782IT 9/17/91 1.0 2.0 10.0 u V 
B203289 GW02040IT 12/11/91 1.0 2.0 10.0 u V 
B203289 GW02498IT 2/21/92 0.5 1.0 10.0 UN 
8203289 GW03270IT 8/11/92 5.0 10.0 10.0 UWN 

. . . . . . . . . . . . . 
B302789 GW03052If 6/9/92 0.3 1.0 10.0 u V 
B302789 GW03759IT 10/22/92 0.4 0.4 0.7 0.7 U 

B302989 GWOl672IT 8/29/91 1.0 2.0 10.0 u 
8302989 GW02069IT 12/7/91 1.0 2.0 10.0 u V 
B302989 GW02492IT 2/21/92 0.5 1.0 10.0 UN JA 
B302989 GW03051IT 6/4/92 0.5 1.0 10.0 UN JA 
B302989 GW03401IT 8/13/92 5.0 10.0 10.0 UN 
B302989 GW03752IT 11/6/92 0.5 1.4 1.0 10.0 U 

8400189 GW01750IT 9/17/91 1.0 2.0 10.0 u V 
8400189 GWO2052IT ll/25/91 1.0 2.0 10.0 u V 
8400189 GW02456IT 2/13/92 1.0 2.0 10.0 UN JA 
8400189 GW03033IT 6/2/92 1.0 2.0 10.0 UN JA 
8400189 GW03034IT 6/3/92 1.0 2.0 10.0 UN JA -" 
8400189 GW03397lT 8120192 0,s 1.0 1.0 u V 

B400389 GW02053IT llI2SI9l 2.0 2.0 10.0 B V 
8400389 GW02444IT 2ll/92 0.3 1.0 10.0 UN JA 
B400389 GW02960IT 6/8/92 1.3 1.3 10.0 B V 
B400389 GW03479IT 9/23/92 5.0 10.0 10.0 UN 
B400389 GW03762lT 11/12/92 0.5 1.7 1.0 10.0 U 

B401989 GW01745IT 9/6/91 1.0 2.0 10.0 u V 
B401989 GW02070IT 12/14/91 1.0 2.0 10.0 u V 
B401989 GW02383IT 3/13/92 0.5 1.0 10.0 UN JA 
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ATTACHMENT J1 
TABLE 30 

95% UCL CONCENTRATION 
BACKGROUND GROUNDWATER ARSENIC 

ARSENIC (ud) 
Location Field ID SampleDale Resutt WellAve SQL CDRL Qual Valid@ 
I3401989 GW03066IT 6/24/92 0.J 1.0 10.0 u V 
8401989 GW03339IT 8/6/92 J.0 10.0 10.0 UN 

B402689 GW02123IT 12/14/91 1.0 2.0 10.0 u V 
B402689 GW0247JIT 2/13/92 O S  1.0 10.0 UN JA 
B402689 GW029481T 5/28/92 03 1.0 10.0 u V 

B4OJJ86 GW02452IT 3/13/92 1.6 1.6 10.0 BN JA 
B4OJ586 GW02993IT 6/11/92 1.9 1.9 1.0 JA 
B4OS586 GW03343IT 8/18/92 J.0 10.0 10.0 u 
EM05586 GWO374JIT 12/8/92 1.0 2.1 2.0 2.0 u 

B4OJ789 GW01784IT 2.0 10.0 u V 
B4OJ789 GW02442IT 2/10/92 0.5 1.0 10.0 UN JA 
B4OJ789 GW02963IT 6/8/92 0.5 1.0 10.0 u V 
EM05789 GW03419IT 9/22/92 J.0 10.0 10.0 UN 
EM05789 GW0376JIT 11/10/92 J.0 10.0 10.0 UN 

Number of Samples 
Number of Detects 
Minimum Detected 
Maximum Detected 
Average 

Number of wells sampled 
Number of wells with detects 
Minimum well average 
Maximum well average 
Average 
Standard Deviation 
t-value 
95%UCL(l) 

149 
13 

0.4 
10.0 
1.8 

30 
10 

0.43 
3.17 
1.72 
0.65 

1.697 
I .92 
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ATTACHMENT J1 
TABLE 31 

95% UCL CONCENTRATION 
BACKGROUND GROUNDWATER BERYLLIUM 

BERYUIUM (ud) 
Location Field ID SanrpleDde Result WellAve SQL CDRL Qual 
B102289 GW01785IT 9/17/91 0.5 1.0 5.0 u 
8102289 GW02126IT I 2 / I u 9 1  0.5 1.0 5.0 u 
B102289 GW02482IT 2/28/92 0.5 1.0 5.0 u 
8102289 GW02944IT 5/26/92 1.8 1.8 5.0 B 
B102289 GW03218IT 7/28/92 1.5 3.0 5.0 U 

B200589 GW02043IT 12/7/91 4.8 4.8 5.0 B 
B200589 GW02322IT 1/28/92 0.5 1.0 5.0 u 
B200589 GW03030IT 6/26/92 0.5 1.0 5.0 u 
B200589 GW03471IT 9/23/92 2.5 5.0 5.0 u 
B200589 GW03790IT 11/5/92 1.1 1.6 1.1 5.0 B 

. . .  
B200789 GW01773IT 9/13/91 0.5 1.0 5.0 u 
B200789 GWO2095IT 12/7/91. 0.5 1.0 5.0 u 
8200789 GW02554IT 3t3/92 0.5 1.0 5.0 u 
8200789 GW02981IT 6/2/92 0.5 1.0 5.0 u 
8200789 GW03269IT 811 8/92 2.5 5.0 5.0 u 
B200789 GW03785IT 10126192 2.5 1.2 5.0 5.0 u 

B201189 GW02103IT 12/11/91 0.5 1.0 5.0 u 
B2Ol189 GWO2522IT 2/27/92 0.5 1.0 5.0 u .‘ 

B201189 GW02972IT 6/5/92 0.5 1.0 5.0 u 
B201189 GW03275IT 7/30/92 1.5 3.0 5.0 U 
8201 189 GW03774R 10/20/92 2.5 1.1 5.0 5.0 u 

8201589 GW02104IT 12110191 0.5 1.0 5.0 u 
B201589 GW02973IT 6/5/92 0.5 0.5 1.0 5.0 u 

B202589 GW01753IT 9/10/91 1 .o 2.0 5.0 u 
8202589 GW02099IT 12/9/9 1 0.5 1.0 5.0 u 
B202589 GWO2544IT 3/26/92 0.5 1.0 5.0 u 
B202589 GW02967IT 5/29/92 0.5 1.0 5.0 u 
B202589 GW033251T 8/13/92 2.5 5.0 5.0 u 

8203289 OW01782IT 9/17/91 0.5 1.0 5.0 u 
8203289 GW02040IT 12/11/91 0.5 1.0 5.0 u 
8203289 OW02498IT 2/21/92 0.5 1.0 5.0 u 
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ATTACHMENT J1 
TABLE 31 

95% UCL CONCENTRATION 
BACKGROUND GROUNDWATER BERYLLIUM 

BERYLLIUM (ud) 
Location FieldID SampleDate Result Well Ave SQL CDRL Qual 
B203289 GW03270IT 8/11/92 2.5 5.0 5.0 u 
B203289 OW03784IT 11/4/92 ' 2.5 1.3 5.0 5.0 U 

B302789 GW02587IT 3/16/92 0.5 1.0 5.0 u 
B302789 OW03052IT 6/9/92 0.5 1.0 5.0 U 
8302789 GW03759IT 10/22/92 0.4 0.5 0.8 0.8 U 

B302989 GW02069IT 12/7/91 0.5 1.0 5.0 u 
B302989 GW02492IT 2/21/92 0.5 1.0 5.0 u 
B302989 GW03051IT 6/4/92 0.5 1.0 5.0 u 
8302989 OW03401IT 8/13/92 2.5 5.0 5.0 u 
B302989 OW03752IT 11/6/92 0.5 0.8 1.0 5.0 u 

8400189 GW01750IT 9/17/91 0.5 1.0 5.0 u 
8400189 GW02052IT 11/25/91 0.5 1.0 5.0 u 
8400189 GW02456IT 2/13/92 0.5 1.0 5.0 u 

8400189 GW03034IT 6/5/92 0.5 1.0 5.0 u 
8400189 GW03397IT 8/20/92 0.5 0.9 0.9 U 

8400189 GW03033IT 6/2/92 0.5 1.0 5.0 u 

B400189 GW03753IT 11/19/92 0.5 0.5 1.0 5.0 u 

B400389 GW02053IT 1 1/25/91 1.0 1.0 5.0 B 
8400389 GW02444IT 2/7/92 0.5 1.0 5.0 u 
B400389 OW02960IT 6/a/92 1.7 1.7 5.0 B 
8400389 GW03479IT 9/23/92 2.5 5.0 5.0 u 

8401989 GW01745IT 9/6/9 1 1 .o 2.0 5.0 u 

8401989 GW025831T 3/13/92 0.5 1.0 5.0 u 
8401989 GW02070IT 1211 419 1 0.5 1.0 5.0 u 
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A'ITACHMENT J1 
TABLE 31 

95% UCL CONCENTRATION 
BACKGROUND GROUNDWATER BERYLLIUM 

BERYLLIUM (ugll) 
Location FieldID SampleDate Result WellAve SQL CDRL Qual 
8401989 GW03066IT 6124192 0.5 1.0 5.0 U 
8401989 GW03339IT 8/6/92 2.5 5.0 5.0 U 

8402689 GW02123lT 12/14/91 0.5 1.0 5.0 U 
8402689 GW02475IT 2/13/92 0.5 1.0 5.0 U 
8402689 GW02948IT 5 n m 2  1.1 1.1 5.0 B 
8402689 GW03733IT 1m/92 0.5 0.6 1.0 1.0 U 

8405586 GW01775lT 9/13/91 0.5 1.0 5.0 U 
8405586 GW02168IT 1211 8/9 1 1 .o 1.0 5.0 B 
8405586 GW02452IT 3/13/92 0.5 1.1 5.0 U 
8405586 GW02993IT 611 1/92 0.7 
8405586 GW03343IT 8/18/92 2.5 . 5.0 5.0 U 

0.7 0.6 

8405789 GW01784lT 9/17/91 0.5 1.0 5.0 U 
8405789 GW02055lT i ~ m i  0.5 1.0 5:O U 
8405789 GW02442IT i 2110/92 0.5 1.0 5.0 U 

8405789 GW03419IT 9/22/92 2.5 5.0 5.0 U 
8405789 GW03765IT 11110/92 2.5 1.2 5.0 5.0 U 

8405789 GW02963IT 6/8/92 0.5 1.0 5.0 U a- 

Number of Samples 
Number of Dctab 
Minimum Daeaed 
Maximum Dekcted 
Average 

Number of wells sampled 
Number of wells with dctc&i 
Minimum well average 
Maximum well average 
Average 
Standard Deviation 
t-value 
95% UCL (1) 

159 
12 

0.7 
4.8 
1 .o 

31 
8 

0.50 
23.50 
0.99 
0.30 

1.697 
1.09 
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ATTACHMENT J1 
TABLE 32 

95% UCL CONCENTRATION 
BACKGROUND GROUNDWATER MANGANESE 

MANGANESE (ud) 
Location Field ID SampleDate Result WellAve SQL CDRL Qual ValidQ 
E102289 GW01785IT 9/17/91 44.9 44.9 15.0 V 
E102289 GW02126IT 12/12/91 322.5 322.5 15.0 V 
E102289 GW02482IT 2/28/92 112.3 112.3 15.0 JA 
E102289 OW02944IT 5/26/92 365.0 365.0 15.0 V 
E102289 GW03218IT 7/28/92 118.5 118.5 15.0 V 
E102289 GW03795IT 10/27/92 298.0 210.2 298.0 15.0 

E200589 GW01774IT 9/19/91 '1.0 7.0 15.0 B V 
E200589 GW02043IT 12/7/91 1950.0 1950.0 15.0 V 
E200589 GW02322IT 1/28/92 69.2 69.2 15.0 V 
B200589. GW03030IT 6/26/92 37.0 37.0 15.0 V 
E200589 GW03471IT 9/23/92 547.5 547.5 15.0 
E200 5 89 G W03790IT 11/5/92 59.2 445.0 59.2 15.0 

. .  E200789 GW01773IT 9/13/91 29.2 29.2 15.0 V 
E200789 GW0209SIT 12/7/91 54.8 54.8 15.0 V 
E200789 GW02554IT 3/3/92 189.0 189.0 15.0 JA 
E200789 GW02981IT 6/2/92 106.0 106.0 15.0 V 
E200789 GW03269IT 8/18/92 36.5 36.5 15.0 
E200789 

GWO2 1031'1' .12111/91 73.5, 73.5 15.0 V 
E201 189 GWO2522IT 2/27/92 57.8 57.8 15.0 V 
E20 I 189 GW02972IT 6/5/92 58.1 58.1 15.0 V 
E201 189 GW03275IT 7/30/92 59.7 S9.7 15.0 V 
E201 189 GW03774IT 10/20/92 584.0 166.6 584.0 15.0 

E201589 GW02104IT 12/10/91 5.6 5.6 15.0 E V 
E201589 GW02973IT 6/5/92 3.9 4.8 3.9 15.0 E V 

E202589 GW02099IT 12/9/91 9.6 . 9.6 15.0 V 
E202589 GW02544IT 3/26/92 3.9 3.9 15.0 E V 
E202589 GW02967IT 5/29/92 3.8 3.8 15.0 E V 
E202589 GW03325IT 8/13/92 72.5 72.5 15.0 E 
E202589 GW03766IT 10/21/92 47.0 3S.9 47.0 15.0 

E203289 GW02040IT 12/11/91 100.0 100.0 15.0 V 
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ATTACHMENT J1 
TABLE 32 

95% UCL CONCENTRATION 
BACKGROUND GROUNDWATER MANGANESE 

MANGANESE (ug/l) 
Location Field ID SampleDatc Rcsult WellAn SQL CDRL Qual V d i d Q  
8203289 GW02498IT 2t21/92 37.8 37.8 15.0 
B203289 GW03270IT 8/11/92 192.0 192.0 15.0 E 
8203289 GW03784IT 11/4/92 145.0 114.6 145.0 15.0 

Bioi789 ~ ~ 0 2 1 4 4 1 ~  12/15/91 5.6 5.6 15.0 B V 
8302789 GW02587lT 3/16/92 7.1 7.1 15.0 BE V . 

B302789 GW03052IT 6/9/92 33.6 33.6 15.0 V 

8302989 GW02069IT 12/7/91 34.4 34.4 15.0 ' v 
B302989 GW02492IT 2/21/92 21.3 21.3 . 15.0 V 
B302989 GW03051IT 6/4/92 30.4 30.4 15.0 V 

1 B302989 GW03401lT 8/13/92 ,313  . 31.5 15.0 E 
B302989 GW03752IT 11/6/92 37.5 31.5 37.5 15.0 

B400189 GWO2052IT i ins/9i  42.1 42.1 15.0 V 
B400 189 GW02456lT 2/13/92 7.5 7.5 15.0 BE JA 
B400189 GW03033IT 6/2/92 151.0 151.0 15.0 V 
B400189 GW03034IT 6/5/92 141.0 141.0 15.0 V 
8400189 GW03397IT 8/20/92 91.1 91.1 2.1 V 

B400389 GWOl789K 9/18/91 0.5 1.0 15.0 u v 
B400389 GW02053IT 11/25/91 244.0 244.0 15.0 V 
8400389 GW02444IT 2/7/92 12.7 12.7 15.0 B V 
B400389 GW02960IT 6/8/92 60.3 60.3 15.0 V 
B400389 GW03479IT 9/23/92 7.5 15.0 15.0 U 
8400389 GW03762lT 11/12/92 135.0 76.7 135.0 15.0 

B401989 GW01745lT 9/6/91 5.2 5.2 15.0 B JA 
B401989 GW02070lT . 12/14/91 2.0 2.0 15.0 B V 
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ATTACHMENT Jl 
TABLE 32 

95% UCL CONCENTRATION 
BACKGROUND GROUNDWATER MANGANESE 

MANGANESE (ud) 
Location Field ID SampleDale Result WellAve SQL CDRL Qual ValidQ 
B401989 GW02583IT 3/13/92 5.2 5.2 15.0 B V 
B401989 GW030661T 6/24/92 11.5 11.5 15.0 B V 
B401989 GW03339IT 8/6/92 19.2 19.2 15.0 
M I 9 8 9  GW03748IT 10/21/92 7.5 8.4 15.0 15.0 U 

B402689 GW02123IT 12/14/91 242.0 242.0 15.0 V 
B402689 GW02475IT 2/13/92 209.0 209.0 15.0 V 
B402689 GW02948IT 5/28/92 185.0 185.0 15.0 V 

B405586 GW02168IT 12/18/91 278.0 278.0 15.0 V 
9405586 GW02452IT 3/13/92 299.0 299.0 15.0 V 
B405586 GW02993IT 6/11/92 407.0 407.0 1.5 V 
B405586 GW03343IT 8/18/92 303.0 303.0 15.0 
€3405586 GW03745IT 12/8/92 456.0 311.3 456.0 1.0 

B405789 GWO1784IT 9/17/91 3.7 3.7 15.0 B V 
B405789 GW02055IT 11/26/91 181.0 181.0 15.0 V 
€3405789 GW02442IT 2/10/92 134.0 134.0 15.0 V 
B405789 GW02963IT 6/8/92 28.1 28.1 15.0 V 
8405789 GW03419IT 9/22/91 87.4 87.4 15.0 
B405789 GW03765IT 11110/92 7.5 73.6 15.0 15.0 U 

- 

Number of Sarnplcs 
Number of Daecte 
Minimum Detected 
Maximum Dctsaed 
Average 

Number of wells sampled 
Number of wells with detects 
Minimum well average 
Maximum well average 
Average 
standard &viation 
t-value 
95% UCL (1) 

160 
167 
1.2 

1950.0 
86.7 

31 
31 

2.91 
444.98 
80.98 

100.16 
1.697 

111.50 
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ATTACHMENT 52 

EXPOSUREFACTORSTABLES 

PATHWAY-SPECIFIC INTAKE EQUATIONS 

The following equations were used to estimate intake of chemicals and radionuclides for the 
exposure scenarios evaluated in the risk assessment. Numerical values for the exposure 
factors for each receptor are shown on the Exposure Factors Tables following the equations. 

Soil and Sediment Ingestion 

Chemical intake from soil ingestion is estimated using the following ,equation: 

Intake = Conc. x IR x FC x ME x EF x ED x CF 
BW x AT 

where: 

Intake = 

Conc. = 

IR = 

FC = 

M E =  
EF = 

ED = 

CF = 

BW = 

AT = 

Chemical intake, mg/kg-day 
Chemical concentration in soil, mgkg 
Soil ingestion rate, mg/day 
Fraction contaminated, unitless 
Soil matrix effect, unitless (see Section J6.2.1) 
Exposure frequency, daysly ear 
Exposure duration, years 
Conversion factor, 1 0-6 kg/mg 
Body weight, kg 
Averaging time, days 

Inhalation of Airborne Particulate Matter and of Indoor VOCs 

Chemical intake through inhalation exposure routes is estimated using the following equation: 

(4047-848-0035-862)(APX-J)(08/l4/95 I :2Spm)(5) 52- 1 



Intake = Conc. x IR x DF x ET x EF x ED 
BW x AT 

where: 

Intake = 

Conc. = 

IR = 

DF = 

ET = 

EF = 

ED = 

BW = 

AT = 

Chemical intake, mag-day 
Chemical concentration in air, mg/m’ 
Inhalation rate, m’hr 
Respiratory deposition factor in lung, unitless 
Exposure time, hrlday 
Exposure frequency, day sly ear 
Exposure duration, years 
Body weight, kg 
Averaging time, days 

Soil and Sediment Dermal Contact 

Chemical intake through absorption of organic chemicals through skin is estimated using the 0 
following equation: 

Intake = Conc. x SA x AB x AD x FC x EF x ED x CF 
BW x AT 

where: 

Intake = 

Conc. = 

SA = 

AB = 

AD = 

FC = 

EF = 

ED = 

BW = 

AT = 

CF = 

Chemical intake, mag-day 
Chemical concentration in soil, mgkg 
Surface area, cm2/day 
Absorption factor, unitless (chemical-specific; see Section J6.2.3) 
Soil adherence factor, mg/cm2 
Fraction contacted that is contaminated, unitless 
Exposure frequency, dayslyear 
Exposure duration, years 
Body weight, kg 
Averaging time, days 
Conversion factor, kg soillmg soil 

(4047-848-0035.862)(APX-J)(08/14/95 I :2Spm)(S) J2-2 



Groundwater Ingestion 

Chemical intake from groundwater ingestion is estimated using the following equation: 

Intake = Conc. x IR x FC x EF x ED 
BW x AT 

where: 

Intake = 

Conc. = 

IR = 

FC = 

EF = 

ED = 

BW = 

AT = 

Chemical intake, mgkg-day 
Chemical concentration in groundwater, mg/L 
Ingestion rate, L/day 
Fraction ingested from contaminated source, unitless 
Exposure frequency, day slyears 
Exposure duration, years 
Body weight, kg 
Averaging time, days 

Surface Water Ingestion 

Chemical intake via ingestion of surface water in the ponds is estimated using the following 
equation: 

Intake = Conc. x IR x ET x EF x ED 
BW x AT 

where: 

Intake = Chemical intake, mgkg-day 
Conc. = Chemical concentration in water, mg/L 
IR = Ingestion rate, Lhour 
ET = Exposure time, hr/day 
EF = Exposure frequency, daydyear 
ED = Exposure duration, years 
BW = ' Body weight, kg 
AT = Averaging time, days 

(4047-848-0035-862)(APX-J)(08/I4/95 1 :25pm)(5) 52-3 



Surface Water Dermal Contact 

Chemical intake through absorption of VOCs in water through skin is estimated using the 
following equation: 

Intake = Conc. x SA x PC x ET x EF x ED x CF 
BW x AT 

where: 

Intake = Chemical intake, mg/kg-day 
Conc. = Chemical concentration in water, mg/L 
SA = Surface area, cm2/day 
PC = Permeability constant, cm/hr (chemical-specific; see Section J6.2.6) 
ET = Exposure time, hr/day 
EF = Exposure frequency, days/year 
ED = Exposure duration, years 
CF = Conversion factor, L/cm3 
BW = Body weight, kg 
AT = Averaging time, days 

Intake of Radionuclides from Ingestion and Inhalation 

Intake = C x  I R x F C x M E x  EFx ED 
where: 

Intake = 
C = 

IR = Intake rate, m3/day, L/day, or kg/day 
FC = Fraction contaminated, unitless (soil or sediment ingestion pathway 

ME = Soil matrix effect, unitless (see Section 56.2.1; soil or sediment 

EF = Exposure frequency, days/year 

Lifetime internal radionuclide intake via inhalation or ingestion, pCi 
Activity concentration of a radionuclide at the exposure point, pCi/m3, 
pCi/L, or pCi/kg 

only) 

ingestion pathway only) 

(4CU7-848-0035-862)(ApX-n(08/14/95 4 : 3 7 ~ ) ( 5 )  J2-4 



ED = Exposure duration, years 

External Irradiation 

For estimating lifetime excess cancer risk, external irradiation exposure is estimated using the 
following equation: 

ER = C x (1-Se)x T e x E F x E D  
where: 

ER 
C 

Se 
Te 
EF 
ED 

- - External irradiation exposure, pCi/g soil per year (pCi-yr/g) 
Mass activity concentration of a radionuclide at the exposure point, 
pCi/g soil 
Gamma shielding factor, unitless 
Gamma exposure time factor, fraction of day (unitless) 
Exposure frequency, fraction of year (unitless) 

- - 

- - 

- - 
- - 

- - Exposure duration, years 

J2-5 
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TABLE AT2-1. Rocky Flats Site-Specific Exposure Factors for Quantitative Human Health Risk Assessment 

POTENTIALLY EXPOSED RECEPTORS 

FACTORS FOR 
POTENTIALLY current 
COMPLETE ROUTES Onsite 
OF EXPOSURE Worker 

Future 
Onsite 
Office 
Worker 

Future 
Onsite 
Construction 
Worker 

Future 
Onsite 

Worker 
Ecological 

SOILBEDIMENT 
INGESTION 

Ingestion Rate RME* 
(mg/day) cT* 

Fraction Ingested from 
Contaminated Source 

Matrix Effect in GI Tract 
(Absorption Factor) 

Exposure Frequency 
(day*) 

Body Weight 
Qg)'5' 

Averaging Time- 
Noncarcinogenic (days)" *) 

Averaging Time: 
Carcinogen (days)" ') 

50'" 

1 .o(~) 
0.9'" 

cs'8' 
cs'8' 
250'" 
2 1 9(9) 

25" ) 
4 1 1 )  

70 
70 

9125 
1460 

25550 
25550 

50'" 
5 0 )  

1 .o(~) 
0. 9(7) 

cs 
cs 
250'" 
2 1 9(9) 

25'" 
4 ~ 1 )  

70 
70 

9125 
1460 

25550 
25550 

1 06'6) 
3 3@' 

1 .o(') 
0.9(7) 

cs 
cs 
65'10) 
65(10) 

2. 5(1°) 
2.5'' O) 

70 
70 

915 
915 

25550 
25550 



Standard Default Exposure Factor @PA, 199 la) used to calculate 
conservative risks based on Reasonable Maximum Exposure (RME) 
by combining highend (>9Oth Ydle) and central tendency (X or Md) 
exposure factors to represent exposure "that is both protective and 
reasonable, not the worst possible case." 

Not applicable because the exposure pathway is 
incomplete. 

Chemical-specific exposure parameter determined from quantitative 
analysis and toxicology literature. 

EPA RAGS, HHEM, Standard Default Exposure Factors, 1991a. 

Average of CT soil ingestion rates of 15 mg/day (outdoor industrial 
worker) and 5 mg/day (indoor industrial worker) based on inferences 
drawn fkom Finley and Paustenbach, 1994. 

One-half of industrial workers based on inferences drawn from Finley 
and Paustenbach, 1994; soil ingestion rates for workers indoors (e.g., 
office workers) are one-half the average of workers both indoors and 
outdoors (e.g., industrial workers). 

Hawley, 1985, and EPA Exposure Factors Handbook, 1989a. A more 
defensible HE default is 205 mg/day based on adjusting Hawley's soil 
adherence value from 3.5 mg/cm2 to the correct upper bound of 1.5 
mg/cm* @PA, 1992a) (480 x 133.5). 

Estimated using HE ingestion rate ratio of construction worker to 
industrial worker (480150 = 9.6; CT = 9.6 x 10 mg/day), but a more 
defensible CT default is 40 (see Note 8). 

Based on RME and CT exposure assessment work at Rocky Mountain 
Arsenal. (Integrated Endangerment Assessment/Risk 
Characterization) Rocky Mountain Arsenal, August 1993. 

The CT is based on average weekly time spent at work (0.9) using a 
base of 40 hours per week. EPA RAGS, HHEM Pt. a (1989b), 

recognizes the need for a soil "fraction ingested" (FI) fkom a 
contaminated source to reflect "population activity patterns." 

In the absence of a CS value, consult methods to estimate maximum 
oral bioavailability (absorption in the gastrointestinal tract) such as 
reported by EPA (1994) for lead in soil and by Finley and 
Paustenbach (1994) for TCDD in soil. Assuming chemical toxicity 
values are based on absorption from drinking water, absorption 
adjustments are indicated because toxic chemicals only partrally 
desorb from soil particles (EPA RAGS, HHEM Pt. A, 1989b - 
Appendix A). 

Preliminary CT default value (EPA, 1993). 

Final Rocky Flats Programmatic Risk-Based 

American Industrial Health Council, 1994; Gephart, 
Tell and Triemer, 1994. 

Exposure duration (years) X 365 days @PA RAGS, HHEM Pt. A, 
1989b). 

Lifetime exposure (70) years X 365 days (EPA RAGS, HHEM Pt. A, 
1989b). 
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TABLE AT2-2. Rocky Flats SiteSpecific Exposure Factors for Quantitative Human Health Risk Assessment ' 

POTENTIALLY EXPOSED RECEPTORS 

FACTORS FOR Future Future Future 
POTENTIALLY Current Onsite Onsite Onsite 

OF EXPOSURE Worker Worker Worker Worker 
COMPLETE ROUTES Onsite Industrial Construction Ecological 

SOIUSEDIMENT 
INHALATION 

InhalationRate RME* 0.83"' 0.83"' 1.4'" 1.4(3) 
( m 3 W  cT* 0.83"' 0.63'" 1.25"' 0.83"' 

Respirable Fraction 
(pMlo)(4) 

Respiratory Deposition 
Factor (unitles~)'~' 

Exposure Frequency 
WYSrYr)  

0.36 
0.36 

0.85 
0.85 

s"' 
7.2(@ 

250" ' 
2 19'" 

0.36 
0.36 

0.85 
0.85 

8CI) 

250" ' 
7.2@) 

2 19(') 

0.36 
0.36 

0.85 
0.85 

8(" 
7. 2'a 

30"' 
30'3) 

0.36 
0.36 

0.85 
0.85 

s"' 
7.2@' 

65"' 
65"' 
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POTENTIALLY EXPOSED RECEPTORS 

FACTORS FOR 
POTENTIALLY current 
COMPLETE ROUTES Onsite 
OF EXPOSURE Worker 

Future 
Onsite 
M i c e  
Worker 

Future 
Onsite 
Constmction 
Worker 

Future 
Onsite 
Ecological 
Worker 

Averaging Time: 9125 9125 365 915 
Noncarcinogen (days) 1460 1460 365 915 

Averaging Time: 25550 
Carcinogen (days)“o’ 25550 

25550 
25550 

25550 
25550 

25550 
25550 

NOTES: 
(BOLD) Standard Default Exposure Factor (EPA, 1991a) used to calculate 

conservative risks based on Reasonable Maximum Exposure (RME) 
by combining highend (>9oth %ile) and central tendency (X or 
Md) exposure factors to represent exposure “that is both protective 
and reasonable, not the worst possible case.” 

(NA) Not applicable because the exposure pathway is 
incomplete. 

(1) EPA RAGS, HHEM, Standard Default Exposure Factors 199 la. 

(2) CT worker inhalation rate of 0.63 m 3 h  (adult indoors) based on 
EPA Exposure Factors Handbook (1989a). 

(3) Outdoor inhalation rate from EPA Exposure Factors Handbook 
(1989a) and the CT from Final Rocky Flats Programmatic Risk- 
Based Preliminary Remediation Goals, 1995. 

(4) Five-year (1988-1992) mean annual ratio of PMlo soil or dust 
pamcles to total suspended parhadates (TSP) as reported in 1992 
RFP Site Environmental Report; EPA Exposure Factors Handbook 
(1989a) recognizes the need for a “respirable fraction of 
particulates” (RF) to indicate the total respirable fraction assumed 

deposited in the lung (100% of PMlo). Air modeling was 
performed using only the PMlO fraction. Therefore, the respirable 
fraction factor was not used in the risk calculations. 

( 5 )  Based on Exposure Assessment work done at Rocky Mountain 
Arsenal (Integrated Endangerment Assessment/Risk 
Characterization, August 1993). 

(6) Based on average time spent at work (36 hr/wk) (American 
Industrial Health Council, 1994; Gephart, Tell and Triemer, 1994). 

(7) 

(8) 

Preliminary CT default value @PA, 1993). 

American Industrial Health Council, 1994, Gephart, Tell and 
Triemer, 1994. 

Exposure duration (years) x 365 days (EPA RAGS,HHEM Pt. A, 
1989b). 

Lifetime exposure (70 years) x 365 days @PA RAGS, HHEM Pt. 

(9) 

(10) 
. A, 1989b). 
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TABLE AT2-3. Rocky Flats SiteSpecific Exposure Factors for Quantitative Human Health Risk Assessment 

POTENTIALLY EXPOSED RECEPTORS 

FACTORS FOR 
POTENTIALLY Current 
COMPLETE ROUTES Onsite 
EXPOSURE Worker 

Future 
Onsite 
Office 
Worker 

Future 
Onsite 
Construction 
Worker 

Future 
Onsite 
Ecological 
Worker 

SOWSEDIMENT 
DERMAL CONTACT 

ExposedSkin RME* 3400'2' 2 4700'2' 4700'2' 
Surface (cm2/day) CT* 3400'2' 2 4700'2' 4700'2' 

1'3) Fraction Contacted from 
Contaminated Source 0. 9'4) 

Soil Adherence 
(mg/cm2) 

Skin Absorption 
Factor 

1'1) 

0.2'" 
1'1) 
0.2"' 

cs 
cs 

1" ) 

0.2'" 

cs 
cs 

1'1) 

0.2'" 

cs 
cs 

Exposure Frequency 250'6' 
(by*) 2 1 9'7' 

Exposure Duration 25'6' 
4'9) (Years) 

Body Weight 70 
erg)'@ 70 

250@' 
2197' . 

25@' 
4'9) 

70 
70 

65'" 
65'" 

2.5"' 
2.5@) 

70 
70 
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POTENTIALLY EXPOSED RECEPTORS 

FACTORS FOR 
POTENTIALLY Current 
COMPLETE ROUTES ‘ Onsite 
OF EXPOSURE Worker 

Future 
Onsite 
M i c e  
Worker 

Future 
Onsite 
Construction 
Worker 

Future 
Onsite 

Worker 
Ecological 

Averaging Time: 9125 9125 365 915 
Noncarcinogen (days) (lo) 1460 1460 365 915 

Averaging Time: 25550 
Carcinogen (days)” 25550 

25550 
25550 

25550 
25550 

25550 
25550 

NOTES: 

(BOLD) Standard Default Exposure Factor @PA, 1992a; EPA 1991a) used 
to calculate conservative risks based on Reasonable Maximum 
Exposure (Rh4E) by combining highend (>9Oth Y’e) and central 
tendency (X or Md) exposure factors to represent exposure “that is 
both protective and reasonable, not the worst possible case.” 

P A )  Not applicable because the exposure pathway is 
incomplete. 

(CS) Chemical-specific exposure parameter determined from 
quantitative analysis and toxicology literature. 

(1) EPA Dermal Exposure Assessment: Principles and Applications, 
1992a. 

(2) Industrial worker HE value is an average between exposed skin 
surfaces of 4,700 cm2 (outdoor construction or ecological worker) 
and 2,100 cm2 (indoor office worker) based on EPA Exposure 
Factors Handbook, 1989a; indoor worker exposure assumes median 
surface area of adult head and bands (1,200 cm2 + 900 cm”, 
whereas outdoor worker assumes median surface area of adult head, 
hands, and arms (1,200 cm2 + 900 cm2 + 2,600 cm’). 

(3) RME based on EPA guidance. The CT is based on average weekly 
time spent at woh (American Industrial Health Council, 1994; 
Gephart, Tell and Triemer, 1994). 

(4) As in Note 3, based on average weekly time spent at work (0.9) 
using a base of 40 hours per week. 

In the absence of a CS value, consult EPA Region IV Interim 
Guidance dated 11 Febnrary 1992 (default values: 0.01 organics; 
0.001 inorganics) @PA, 1992~). However, alternative values of 
0.06 (organic compounds) and 0.01 (metals) are based on 
maximum dermal bioavailability as reported in ‘‘Dermal 
Absorption Factors for Multiple Chemicals” (15 December 1992; 
EPA, 1992d). 

(5 )  

(6) EPA RAGS, HHEM, Standard Default Exposure Factors, 1991a 
(for consistency with soiUdust ingestion and inhalation). 

(7) Preliminary CT default value (EPA, 1993). 
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Final Rocky Flats Programmatic Risk-Based Preliminary 
Remediation Goals, 1995. 

American IndusUial Health Council, 1994; Gephart, Tell and 
Triemer, 1994. 

Exposure duration (years) x 365 days @PA RAGS, HHEM Pt. A, 
1989b). 

Lifetime exposure (70 years) x 365 days @PA RAGS, HHEM Pt. 
A, 1989b). 



TABLE AT2-4. Rocky Flats Site-Specific Exposure Factors for Quantitative Human Health Risk Assessment 

POTENTIALLY EXPOSED RECEPTORS 

FACTORS FOR 
POTENTIALLY Current 
COMPLETE ROUTES Onsite 
OF EXPOSURE Worker 

Future 
Onsite 
Wice 
Worker 

Future 
Onsite 
Construction 
Worker 

Future 
Onsite 
Ecological 
Worker 

SURFACE WATEWSUSPENDED SEDIMENT 
INGESTION" 

Ingestion Rate RME* NA 
(L/hr) CT* NA 

NA 
NA 

NA 
NA 

0.05". 'I 
0.0 1'?- 4, 

NA 
NA 

NA 
NA 

NA 
NA 

1'5) 
1'5' 

Exposure Frequency NA 
(day*) NA 

NA 
NA 

NA 
NA 

1 2(3) 
7"' 

Exposure Duration 
ore=) 

NA 
NA 

NA 
NA 

NA 
NA 

2.5'" 
2.5O) 

Body Weight 
0%) 

NA 
NA 

NA 
NA 

NA 
NA 

70'3' 
70") 

Averaging Time: NA 
Noncarcinogen (days) ('' NA 

NA 
NA 

NA 
NA 

915 
915 

Averaging Time: NA NA NA 25550 
Carcinogen (days) (') NA NA NA 25550 

* Direct ingestion of exposed in situ shoreline sediments will utilee OU-specijc exposure factors. 
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NOTES: 

Not applicable because the exposure pathway is incomplete. 

Top entry is based on High-End (HE) exposure used to characterize 
the RME risks in a baseline or remediation risk assessment. RME 
risks are derived using professional judgment to set one or more 
sensitive exposure parameters at HE (90-98th %de) values in 
combination with others set at central tendency (CT) values in order to 
characterize the highend risks to a very small proportion of an 
exposed population. 

Bottom entry is based on CT used to characterize the typical case in a 
baseline or remediation risk assessment (or a "reasonable worst case", 
when used in combination with selected highend values). Average 
risks are derived using professional judgment to set all exposure 
parameters at 50th %ile (median) or mean values in order to 
characterize the mid-range risk to the largest proportion of an exposed 
population. 

The RME is based on EPA guidance. The CT is from the Final Rocky 
Flats Programmatic Risk-Based Preliminary Remediation Goals, 1995. 

On the premise that actual swimming rather that wading is unlikely, 
the CT ingestion rate while wading is assumed to be 0 n e - m  as much 
as while swimming. 

An exposure "event" for the ecological worker (see Final Rocky Flats 
Programmatic Risk-Based Preliminary Remediation Goals, 1995) is 
assumed to last 1 hour per day. 

Exposure duration (years) x 365 days (EPA RAGS, HHEM Pt. A, 
1989b). 

Lifetime exposure (70 years) x 365 days (EPA RAGS, HHEM Pt. A, 
1989b). 



TABLE AT2-5. Rocky Rats Site-Specific Exposure Factors for Quantitative Human Health Risk Assessment 

POTENTIALLY EXPOSED RECEPTORS 

FACTORS FOR 
POTENTIALLY Current 
COMPLETE ROUTES Onsite 
OF EXPOSURE Worker 

Future 
Onsite 
Office 
Worker 

Future 
Onsite 
Construction 
Worker 

Future 
Onsite 
Ecological 
Worker 

= SURFACE WATER 
DERMAL CONTACT* 

ExposedSkin RME* NA NA NA 9275". ') 
Surface (cm2) CT* NA NA NA 9275(' ') 

Dermal Permeability NA 
(c-) NA 

NA 
NA 

Exposure Frequency NA 
(day*) NA 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

cs'4' 

Exposure Duration NA NA NA 2. 5'6' 
or-) NA NA NA 2. 5(6) 

Body Weight NA NA NA 70(6' 
0%) NA NA NA 70@) 

Direct dermal contact with exposed in situ shoreline sediment will utilize OU-specific exposure factors. 
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POTENTIALLY EXPOSED RECEPTORS 

FACTORS FOR Future Future Future 
POTENTIALLY Current Onsite Onsite Onsite 
COMPLETE ROUTES Onsite office 
OF EXPOSURE Worker Worker Worker Worker 

Averaging Time: NA NA NA 915 
Non-Carcinogen (days) (’) NA NA NA 915 

Construction Ecological 

Averaging Time: NA 
Carcinogen (days)‘*’ NA 

NA 
NA 

NOTES: 
@A) 

(W 

Not applicable because the exposure pathway is incomplete. 

Chemical-specific exposure parameter determined from quantitative 
analysis and toxicology literature. 

(3 1 

(1) Top entry is based on High-End (HE) exposure used to characterize 
the Reasonable Maximum Exposure (RME) risks in a baseline or 
remediation risk assessment. RME risks are derived using 
professional judgment to set one or more sensitive exposure (4) 
parameters at HE (90-98th %ile) values in combination with others 
set a Central Tendency (0 values in order to characterize the high- 
end risks to a very small proportion of an exposed population. 

Bottom entry is based on Central Tendency (0 used to characterize 
the typical case in a baseline or remediation risk assessment (or a 
‘teasonable maximum exposure”, when used in combination with 

risks are derived using professional judgment to set all exposure 
parameters at 50th %ile (median) or mean values in order to 

selected highend values). Average (5 )  

NA 
NA 

25550 
25550 

characterize the mid-range risk to the largest proportion of an 
exposed population. 

On the premise that actual swimming by the ecologist, rather than 
wading, is highly unlikely, the exposed adult skin surface while 
wading and reaching underwater is assumed to include the legs 
(5,950 an2), feet (1,250 cm2), forearms (1,175 an2), and hands (900 
cm2) @PA Exposure Factors Handbook, 1989a). 

In the absence of a CS value, consult methods to estimate maximum 
dermal bioavailability. Possible maxima are: HE value of 1.0 cm/hr 
determined experimentally for ethylbenzene and toluene among 
organic compounds; HE value of 0.001 cm/hr determined 
experimentally for cadmium chloride and mercuric chloride among 
inorganic compounds @PA Dermal Exposure Assessment: 
Principles and Applications, 1992a). 

An exposure ‘bent’’ for the ecological worker (see Final Rocky Flats 
Programmatic Risk-Based Preliminary Remediation Goals, 1994) is 
assumed to last 1 hour per day. 
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(6) RME is from EPA guidance. The CT is from the Final Rocky Flats 
Proggmu~tic Risk-Based Preliminary Remediation Goals, 1995 (for 
consistency with surface water ingestion). 

(7) Exposure duration (years) x 365 days (EPA RAGS, HHEM R. A, 
1989b). 

(8) Lifetime exposure (70 years) x 365 days (EPA RAGS. HHEM PI. A, 
1989b). 
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TABLE A"2-6. Rocky Flats Site-Specific Exposure Factors for Quantitative Human Health Risk Assessment 

POTENTIALLY EXPOSED RECEPTORS 

FACTORS FOR 
POTENTIALLY Current 
COMPLETE ROUTES Onsite 
OF EXPOSURE Worker 

Future 
Onsite 
Office 
Worker 

Future Future 
Onsite Onsite Future 
Construction Ecological Onsite 
Worker Worker Resident"' 

GROUND WATER. 
INGESTION 

Ingestion Rate RME* NA 1 NA NA 2 OW) 
CT* NA 1 NA NA 1 40.4) Why) 

Fraction Ingested from 
Contaminated Source 

Exposure Frequency 
(daYs/yr) 

Body Weight 
erg) 

Averaging Time: 
Noncarcinogen (days) (9) 

Averaging Time: 
Carcinogen (days)('o) 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

1 
0.3 

250 
219 

25 
4 

70 
70 

9125 
1460 

25550 
25550 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

1 .o 
0.3'" 

3 50'6' 
234") 

3 O(@ 
9(8) 

70'6' 
70'6' 

10950 
3285 

25550 , 

25550 

(4047-848- 0035-862(lBLAT2-6)(08-1495 449 PM) 



NOTES: 

(NA) Not applicable because the exposure pathway is incomplete. 

(1) Risk due to chemicals of concern and chemicals of interest in 
groundwater were calculated using a hture onsite residential 
Scenario. 

(2) Top entry is based on High-End (HE) exposure used to characterize 
the Reasonable Maximum Exposure (Rh4E) risks in a baseline or 
remediation risk assessment. RME risks are derived using 
professional judgment to set one or more sensitive exposure 
parameters at HE (90-98th %ile) values in combination With other 
Central Tendency (CT) values in order to characterize the high-end 
risk to a very small proportion of an exposed population. 

(3) Bottom entry is based on Central Tendency (CT) use to characterize 
the typical case in a baseline or remediation risk assessment (or a 
"reasonable maximum exposure", when used in combination with 
selected highend values). Average risks are derived using 
professional judgment to set all exposure parameters at 50th %ile 
(median) or mean values in order to characterize the mid-range risk 
to the largest proportion of an exposed population. 

HE and CT adult total water-based beverage intakes, including tap 
water (EPA Exposure Factors Handbook, 1989a). 

The CT fraction ingested (FI) is based on 64% of adult time spent at 
home (American Industrial Health Council, 1994; Gephart, Tell and 
Triemer, 1994) and on 46% tap water ingestion out of adult total 
water-based beverage intake (EPA Exposure Factors Handbook, 
1989a) (0.64 x 0.46 = 0.3). 

EPA RAGS, HHEM, Standard Default Exposure Factors, 1991a. 

Preliminary CT default value (EPA, 1993). 

(8) Preliminary CT default value (EPA, 1993). A current alternative 
value is EPA's CT Residential Occupancy Period (ROP) of 8.1 years 
for total population @PA, 1992b; American Industrial Health 
Council, 1994). 

(9) Exposure duration (years) x 365 days (EPA RAGS, HHEM Pt. A, 
1989b). 

(10) Lifetime exposure (70 years) x 365 days (EPA RAGS, HHEM Pt. A, 
1989b). 

(4047-848- 0035-862(TBLAT24XO8-1495 449 PM) 
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BLE AT2-7. Rocky Flats Site-Specific Exposure Factors for Quantitative Human Health Risk Assessment 

POTENTIALLY EXPOSED RECEPTORS 

FACTORS FOR 
POTENTIALLY Current 
COMPLETE ROUTES Onsite 
OF EXPOSURE Worker 

Future 
Onsite . 
Ofkc  
Worker 

Future Future 
Onsite Onsite 
Construction Ecological 
Worker Worker 

GROUNDWATEWSUBSOIL 
VOC INHALATION* 

InhalationRate RME* NA 033(!* 3, 1.4(') NA 
( m 3 W  cT* NA 0.63'2. 4, 1.25'" NA 

Exposure Time 
W & Y )  

NA 
NA 

Exposure Frequency NA 
(day*) NA 

Exposure Duration NA 
orears) NA 

Body Weight NA 
0%) (3) NA 

Averaging Time: NA 
Noncarcinogen (days) (') . NA 

Averaging Time: NA 
Carcinogen (days)"" NA 

250") 
2 19(') 

70 
70 

9125 
1460 

25550 
25550 

70 
70 

365 
365 

25550 
25550 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 

* Includes indoor VOC vapor from household use of groundwater supply and VOC vapor infiltration from subsoil into offices. 



Standard Default Exposure Factor (EPA, 1991a; EPA 1989a) used to 
calculate conservative risks based on Reasonable Maximum Exposure 
(RME) by combining high-end (>90th %ile) and central tendency (X 
or Md) exposure factors to represent exposure “that is both protective 
and reasonable, not the worst possible case.” 

Not applicable because the exposure pathway is incomplete. 

Top entry is based on High-End (HE) exposure used to characterize 
the Reasonable Maximum Exposure (RME) risks in a baseline or 
remediation risk assessment. RME risks are derived using 
professional judgment to set one or more sensitive exposure 
parameters at HE (90-98th %de) values in combination with others 
set a Central Tendency (CT) values in order to characterize the high- 
end risks to a very small proportion of an exposed population. 

Bottom entry is based on Central Tendency (CT) used to characterize 
the typical case in a baseline or remediation risk assessment (or a 
“reasonable maximum exposure”, when used in combination with 
selected highend values). Average risks are derived using 
professional judgment to set all exposure parameters at 50th %ile 
(median) or mean values in order to characterize the mid-range risk 
to the largest proportion of an exposed population. 

EPA RAGS, HHEM, Standard Default Exposure Factors, 1991a. 

CT worker inhalation rate of 0.63 m3/hr (adult indoors) based on 
EPA Exposure Factors Handbook, 1989a. 

RME is based on EPA guidance. The CT is from the Final Rocky 
Flats Programmatic Risk-Based preliminary Remediation Goals, 
1995. 

(6) Based on average time spent at work (36 hr/wk) 
Industrial Health Council, 1994; Gephart, Tell and Triemer, 1994). 

Preliminary CT default value (EPA 1993). 

(American 

(7) 

(8) American Industrial Health Council, 1994; Gephart, Tell and 
Triemer, 1994. 

Exposure duration (years) x 365 days (EPA RAGS, HHEM Pt. A, 
1989b). 

Lifetime exposure (70 years) x 365 days (EPA RAGS, HHEM Pt. A, 
1989b). 

(9) 

(10) 
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TABLE AT2-8. Rocky Flats Site-Specific Exposure Factors for Quantitative Human Health Risk Assessment ' 

POTENTIALLY EXPOSED RECEPTORS 

FACTORS FOR 
POTENTIALLY Current 
COMPLETE ROUTES Onsite 
OF EXPOSURE Worker 

Future 
Onsite 
Office 
Worker 

Future 
Oosite 
Constmction 
Worker 

Future 
Onsite 
Ecological 
Worker 

EXTERNAL 
IRRADIATION 

GammaExposure RME* 0.3'1.3) 0.3'3' 0.3'3' * 0.3(3) 
Time Factor (T,) CT* 0.3'2.3) 0.3'3' 0.3") 0.3'3' 

Gamma Shielding 0.8"' 
Factor ( 1 4,) OS@' 

Exposure Freq~ency'~' 0.7'~) 
(unitless) 0.6'' 0' 

0.8"' 
OS@' 

2.5" ) 

2.5" ) 

NOTES: 

(1) 
(B0LD)Standard Default Exposure Factor @PA, 1991a; EPA 1989a) used to 

calculate conservative risks based on Reasonable Maximum Exposure 
(RME) by combining highend (>9Oth %ile) and central tendency (X 
or Md) exposure factors to represent exposure "that is both protective 
and reasonable, not the worst possible case." 

(NA) Not applicable because the exposure pathway is incomplete. 

Top entry is based on High-End (HE) exposure used to characterize 
the Reasonable Maximum Exposure (RME) risks in a baseline or 
remediation risk assessment. RME risks are derived using 
professional judgment to set one or more sensitive exposure 
parameters at HE (90-98th %de) values in combination with others 
set a Central Tendency (CT) values in order to characterize the high- 
end risks to a very small proportion of an exposed population. 
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Bottom entry is based on Central Tendency (CT) used to characterize 
the typical case in a baseline or remediation risk assessment (or a 
“reasonable maximum exposure”, when used in combination with 
selected highend values). Average risks are derived using 
professional judgment to set all exposure parameters at 50th %ile 
(median) or mean values in order to characterize the mid-range risk 
to the largest proportion of an exposed population. 

(12) American Industrial Health Council, 1994; Gephart, Tell and 
Triemer, 1994. 

(2) 

I 

Assuming the HE fraction of time exposed (8 out of 24 hours or 0.33) 
according to EPA RAGS, HHEM Pt. B- Revised (Dinan, 1992). 

EPA RAGS, HHEM, Standard Default Exposure Factors, 199 1 b. 
Based on 250 daydyear. 

Standard default screening value specified in EPA RAGS, HHEM Pt. 
B, 1991b (1 - 0.2 = 0.8), assuming substantial time shielded by 
structures. 

Estimated typical value for residents and indoor workers shielded by 
buildings (DOE documents for RFP, such as “Mining Exposure 
Scenario for Baseline Risk Assessments at the Rocky Flats 
Environmental Technology Site” (9 August 1994). 

I 

(7) Standard default screening value specified in EPA RAGS, HHEM Pt. 
B, 199 1 b, assuming limited time shielded by structures. 

Assumed typical value for outdoor workers with only limited 
shielding indoors. 

i 

(8) 

(9) Calculated by dividing exposure frequency for each scenario for 
SoiYdust exposure by 365 daySEyear; ratio used to allow equation units 
to balance. 

(10) Preliminary CT default value (219 day*) @PA, 1993). 

(1 1) Final Rocky Flats Programmatic Risk-Based Preliminary 
Remediation Goals, 1995. Based on 30 and 65 day*, r e r n v e l y .  

. .  
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TABLE 9-A 
OPEN SPACE EXPOSURE PARAMETERS 

INCIDENTAL INGESTION 

DUST, SURFACE SOIL, OR SEDIMENT 

r Typical 
Exposure 

(CT) 

High-End 
Exposure 
(RME) 

Ingestion Rate - Child (mghisit) 50 (1) 100 (1) 

Ingestion Rate - Adult (mghsit) 25 (1) 50 (1) 

Matrix Effect in GI Tract (Absorption Factor) cs cs 

Exposure Frequency (visits&) 

Exposure Duration - Child (yr) 

10 (2) 25 (2) 

2 6 

Exposure Duration - Adult (yr) 7 24 . 

Body Weight - Child (kg) 

Body Weight - Adult (kg) 

15 

70 

15 

70 

Averaging Time - Child, Noncarcinogen (days) 730 2,190 

Averaging Time - Adult, Noncarcinogen (days) 2,555 8,760 

Averaging Time - Carcinogen (days) 25,550 - 25,550 

(1) Assumes standard default residential rates as specified for open-space recreational users at DOE's Fernald Site 
and W o r d  Site (RME=200 mg/day for children and 100 mg/day for adults) and at Denver's Lowry Landfill 
Superfind Site (CT=100 mg/day for children and 50 mg/day for adults). Assumes that Exposure Time is 2.5 hours 
per day (CT); 5.0 hours per day (RME) (see Note 2, Table B). Using the default daily ingestion rates, soil ingestion 
per visit for children is calculated as RME=0.5 x 200=100 mghsit; CT = 50 mghisit. For adults the ingestion 
rates are ==SO and CT=25. Actual open-space recreational intakes would vary, depending on the 
activity, possibly with dirt biking at one extreme and photographing wildlife at the other. 

(2) Exposure Frequency based upon Boulder County's Park and Open Space Visitor Interviews of 1985 (est. 7 days/ 
yr, CT; 25 daydyr, RME), DOE's Hanford Site recreational user (7 day*, CT), and Department of Interior's (DOI) 
National Survey of Fishing, Hunting, and Nonconsumptive Wildlife Recreation of 1985 for Colorado (9.4 
day* for nonconsumptive use, CT; 15.4 day* for fishing and hunting, CT): 
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TABLE 9-B 
OPEN SPACE EXPOSURE PARAMETERS 

PARTICULATE INHALATION 

DUST, SURFACE SOIL, OR DRY SEDIMENT 

Typical High-End 
Exposure Exposure 

(CT) (RME) 

Inhalation Rate (m'h)  

Respirable Fraction (PM, o) 

0.83 (1) 1.4 (1) 

0.36 0.36 

Respiratory Deposition Factor 0.85 0.85 

Exposure Time (hdvisit) 1.5 (2) 5.0 (2) 

Exposure Frequency (visitdyr) 10 (3) 25 (3) 

Exposure Duration (yr) 

Body Weight (kg) 

9 

70 

30 

70 

Averaging Time - Noncarcinogen (days) 3,285 10,950 

Averaging Time - Carcinogen (days) 25,550 25,550 

(1) Inhalation Rate based upon DOE'S Fernald Site and Hanford Site recreational users (0.83 m ' h ,  CT) and on 
EPks  Erposure Fucfors Hundbook (1.4 m ' h ,  RME), which assumes 7% heavy activity, 37% moderate 
activity, 28% light activity, and 28% resting for an adult. 

(2) Exposure Time based upon Boulder County's Park and Open Space Visitor Interviews of 1992 (est. 1.6 hr/ 
day, CT; 5.0 hrlday, RME), DOD's Rocky Mountain Arsenal Site recreational user (1.6 hdday, CT; 5.0 hr/ 
day, RME), and City of Boulder's Open Space Visitation Study of 1993 (1.0 hdday, CT; 2.0 hdday, RME). 

(3) Exposure frequency based on Boulder County's Park and Open Space Visitor Interviews of 1985 (estimated 
7 daydyear, CT; 25 daydyear, RME), DOES Hanford Site recreational user (7 daydyear, CT), and DOI's 
National Survey of Fishing, Hunting, and Nonconsumptive Wildlife Recreation of 1985 for Colorado (9.4 
daydyear for nonconsumptive use, CT; 15.4 daydyear for fishing and hunting, CT). 



e TABLE 9-C 
OPEN SPACE RECREATIONAL EXPOSURE PARAMETERS 

DERMAL CONTACT 

DUST, SURFACE SOIL, OR SEDIMENT 

Typical 
Exposure 
(0 

Exposed Skin Surface (cm') 

Fraction Contacted from Contaminated Source 

Soil Adherence to Skin (mg/cm2) 

Skin Absorption Factor 

Exposure Duration 07) 

Body Weight *g) 

Averaging Time - Noncarcinogen (days) 

2.000 (1) 5,300 (1) 

0.5 1 

0.2 1 

cs cs 

9 30 

70 70 

3,285 10,950 

Averaging Time - Carcinogen (days) 25,550 25,550 

Exposed Skin Surface based upon EPA's Dermal Exposure Assessment: Principles and Applications, which 
specifies typical and highend default values for the adult outdoors (2,000 cm2 and 5,300 cm2).- The CT 
exposed skin surface is limited to head and hands, while the RME value assumes head, hands, forearms, 
and lower legs are exposed. DOE'S Fernald Site recreational user adopts a comparable RME value (5,000 
cm2). It is conservatively assumed that a persons head will contact sediments. 

See Table 9-B, Note 3. 
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TABLE 9-D 
OPEN SPACE EXPOSURE PARAMETERS 

INGESTION WHILE WADING 

SHBLLBW SURFACE WATER 

Typical 
Exposure 

(CT) 

High-End 
Exposure 
(RME) 

Ingestion Rate (mL/hr) 25 (1) 50  (1) 

Exposure Time (hdvisit) 0.5 (2) 1 (2) 

Exposure Frequency (visits&) 5 (3) 15 (3) 

Exposure Duration (yr) 9 30 

Body Weight (kg) 70 70 

Averaging Time - Noncarcinogen (days) 3,285 10,950 

Averaging Time - Carcinogen (days) 25,550 25,550 

(1) Ingestion Rate based upon open-space recreational user wading at Denver's Lowry Landfill Superfund Site 
(50 mL/day, RME; 25 mL/day, CT). For comparison, a single value of 35 mL/day is specified for DOE's 
Fernald Site (wading in shallow Paddy's Run). 

(2) Exposure Time based upon DOE's Fernald Site recreational user (0.5 hdday, CT) and on the Clear Creek/ 
Central City Superfund Site recreational user (1.0 hdday, RME, assuming that wading time would be the 

, same as swimming time). 

(3) Assumes that CT Exposure Frequency for wading is one-half the EF of 10 days@ for all visitors (0.5 x 10 = 
5 day*) and RME is 60% of the EF of 25 (0.6 x 25 = 15 day*). See Table A, Note 3. On the average, 
users are very unlikely to wade on a year-round basis during each visit to the site. 

(4047-848-oos~2~L-9D.~SM~I 4'95 5:38 PW6) Sheet 1 of 1 



TABLE 9-E 
OPEN SPACE EXPOSURE PARAMETERS 

DERMAL CONTACT WHILE WADING 

SHALLOW SURFACE WATER 

Typical 
Exposure 

(CT) 

High-End 
Exposure 
(RME) 

Exposed Skin Surface (cm2) 4,550 (1) 9,275 (1) 

Dermal Permeability (cm/hr) cs cs 

Exposure Time (hdvisit) 0.5 (2) 1 (2) 

Exposure Frequency (visits&) 

Exposure Duration (yr) 

5 (3) 

9 

15 (3) 

30 

Body Weight (kg) 70 70 

Averaging Time - Noncarcinogen (days) 

Averaging Time - Carcinogen (days) 

3,285 

25,550 

10,950 

25,550 

(1) Typical exposed adult skin surface while wading and reaching underwater (4,550 cm’) assumes the lower 
legs, feet, and hands are exposed; high-end exposed surface (9,275 cm2) assumes the thighs, lower legs, 
feet, forearms, and hands are exposed (EPA ‘s Exposure Factors Hundbook). 

(2) See Table D, Note 2. 

(3) See Table D, Note 3. 
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a TABLE 9-F 
OPEN SPACE EXPOSURE PARAMETERS 

EXTERNAL IRRADIATION 

Typical High-End 
Exposure Exposure 
(CT) (RME) 

Gamma Exposure Time Factor (T,) 0.1 (1) 0.2 (1) 

Gamma Shielding Factor (l&) 0.8 1 

0.03(2) 0.07 (2) Exposure Frequency (unitless) 

Exposure Duration (yr) 9 30 

(1) Assumes the highend fraction of time exposed (1.5 out of 24 hours, CT; 5.0 out of 24 hours, RME) 
(1324 = 0.1; 5.0/24 = 0.2) (see Table B, Note 2) 

(2) Calculate by dividing exposure frequency for soiYdust exposure by 365 daydyear; ratio used to 
allow equation units to balance. 
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SUMMARY OF RISKS 
CURRENT WORKER 

AREA OF CONCERN NO. 1 - 
Pathway Hazard Index Cancer Risk Hazard Index Cancer Risk 

Ingestion of surface soil 
Inhalation of particulates from surface soil 
Dermal contact with surface soil* 

1.788-03 1.10E-09 1.13E-02 4.35E-08 
6.59E-I0 5.228109 

External Irradiation 2.51E-10 2.848-09 
Total 1.788-03 2.01 E-09 1.13E-02 5.168-08 

* Dermal absorption of metals and radionuclides is considered insignificant. 

(AOCIINDW.XLS SUMMARY)(B/I3IYS 3:41 PM) Sheet I of I 



CT - Soil ingestion 

Noncarcinogens 

CURRENT WORKER 
AREA OF CONCERN NO. 1 

IF=(lR x ED x FC x EFx ME x CFMBW x AT) 
HQ = (C x IF)/RtD 

C IR ED FC EF ME CF BW AT IF RfD HQ 
Soil Ingestion Exposure =Po- Conversion Body Averaging lntake Reference 

Concentration Rate Duration Fraction Frequency Matrix Factor Weight Time Factor Dose Hazard 
Chemical (mgkg) (mg/day) (years) Contaminated (days&) Effea Wmg)  (kg) (days) (kgncg-day) (rngntg-day) Quotient 
Antimony 16.5 10 4 0.9 219 0.5 O.oooOO1 70 1460 3.868-08 4.00E-04 1.598-03 
Vanadium 33.39 10 4 0.9 219 0.5 0.000001 70 I460 3.868-08 7.00E-03 1.848-04 
zinc 48.38 10 4 0.9 219 0.5 0.000001 70 I460 3.868-08 3.00E-01 6.228-06 

Total Hazard index 1.788-03 

Radionuclides 
lF=IR x ED x FCx EF x MEx CF 

CR = C  x IFx SF 

C 1R ED FC EF ME CF IF SF CR 
Soil Ingestion Exposure Exposure Conversion Intake Slope 

Concentration Rate Duration Fraction Frequency Matrix Factor Factor Factor Cancer 
Radionuclide (pCi/g) (mglday) (years) Contaminated (days/yr) Effea Wmg) (g) (RisWpCi) Risk 
Americium-241 0.151 10 4 0.9 219 I 0.001 7 . 8 8 8 4  3.288-10 3.90E-10 
Plutonium-239/240 0.284 10 4 0.9 219 I 0.001 7 . 8 8 8 4  3.16E-10 7.08E-IO 

Total Radionuclide Cancer Risk I .  IOE-09 

(AOCIINLIW. L-ING)(BllY953:41 PM) op 

Total Cancer Risk 1. IOE-09 
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CURRENT WORKER 
AREA OF CONCERN NO. 1 

RME - soil ingestion 

Noncarcinogens 
IF=(IR x ED x FCx EFx ME x CF)/(BW x AT) 

HQ=(CxIF)/RfD' 

C IR ED FC EF ME CF BW AT IF IUD HQ 
Soil Ingestion Exposure Exposure Conversion Body Avenging Intake Reference 

Concentration Rate Duration Fraction Frequency Matrix Factor Weight Time Factor Dose Hazard 

Vanadium 33.39 50 25 I 250 0.5 o.oO0001 70 9125 2.458-07 7.00E-03 I .  l7E-03 
Zinc 48.38 50 25 1 250 0.5 0.000001 70 9125 2.458-07 3.00E-01 3.948-05 

Total Hazard Index 1. I3E-02 

Radionuclides 
IF=IR x ED x FC x EF x MEx CF 

CR=CxIFxSF  

C IR ED FC EF ME CF IF SF CR 
Soil Ingestion Exposure Exposure Conversion Intake Slope 

Concentration Rate Duration Fraction Frequency Matrix Factor Factor Factor Cancer 
Radionuclide (PCW (mg/day)- (years) Contaminated (daydyr) Effect Wmg) (g) (RisWpCi) Risk 
Americium-241 0.151 50 25 I 250 1 0.001 3.13E+02 3.288-10 1.558-08 
Plutonium-239/240 0.284 50 25 I 250 1 0.001 3.13Et02 3.16E-10 2.808-08 

Total Radionuclide Cancer Risk 4.358-08 

Total Cancer Risk 4.35E-OS 

(AOCIINDWXLS SOIL-ING)(SIIY95 3:41 PM) Sheet 2 of2 



CURRENT WORKER 
AREA OF CONCERN NO. 1 

CT - Inhalation of particulates 

Radionuclides 
IF = IR x ET x EF x ED x DF 

CR = IFx C x SF 

C IR ET EF ED DF IF SF CR 
Air Inhalation Exposure Exposure Exposure Intake Slope 

Concentraaion Rate Time Frequency Duration Deposition Factor Factor Cancer 
Radionuclides (p~dm’) ( m ’ h )  W h y )  (daydyr) (Years) Factor (m’) (Ris k/pCi) Risk 
Americium-241 1.638-06 0.83 7.2 219 4 0.85 4 . 4 5 8 4 3  3.858-08 2.798-10 
Plutonium-239R40 3.07846 0.83 7.2 219 4 0.85 4.458+03 2.788-08 3.80E-IO 

Total Radionuclide Cancer Risk 6.598-10 

Total Cancer Risk 6.598-10 

PWU13BJ 336 PM) 
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CURRENT WORKER 
AREA OF CONCERN NO. 1 

RME - Inhalation of particulates 

,Radionuclides 
IF= IR x ETx EFx ED x DF 

CR = IFx C x SF 

C IR ET EF ED DF IF SF CR 
Air Inhalation Exposure Exposure Exposure Intake Slope 

Concentration Rate Time Frequency Duration Deposition Factor Factor Cancer 
Radionuclides (pcilm’) ( m ’ ~  (Idday) (daYdYr) (Years) Factor (m’) (RisWpCi) Risk 
Americium-24 I 1.638-06 0.83 8 250 25 0.85 3.538+04 3.85E-08 2.218-09 
Plutonium-239T240 3.078-06 0.83 8 250’ 25 0.85 3.538+04 2.788-08 3.01849 

Total Radionuclide Cancer Risk 5.228-09 

(ACCIWDW.XIS Ih’HPXB113r95 346 PM) 

Total Cancer Risk 5.228-09 
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CT - External Irradiation 

I 

CURRENT WORKER 
AREA OF CONCERN NO. 1 

IF= TF x GSF x EF x ED 
C R = C x I F x S F ,  

C TF GSF EF ED IF SF CR 
Soil Gamma Time Gamma Exposm Intake Slope 

Factor Shielding Factor Percent of year Duration Factor Factor Cancer Concenmtion 
Radionuclide ( P C m  (T,) (1-U Exposed (years) (years) . (IlpCi-yrlg) Risk 
Americium-241 0.151 0.3 0.5 0.6 4 3.60E-01 4.59E-09 2.50E-10 
Plutonium-239R40 0.284 0.3 0.5 0.6 4 3.60E-01 1.37E-11 1.40E-12 

Total Cancer Risk 2.51E-10 

RME - External Id ia t ion  

IF = TF x GSF x EF x ED 
CR=CxIFxSF  

C TF GSF EF ED IF SF CR 
Soil Gamma Time Gamma Exposure Intake Slope 

Concentration Factor Shielding Factor Percent of year Duration Factor Factor Cancer 
Radionuclide (pCilg) (TJ (I&) Exposed (years) (years) (VpCi-ydg) Risk 
Americium-241 0.151 0.3 0.8 0.68 25 4.08E+00 4.59E-09 2.838-09 
Plutonium-239R40 0.284 0.3 0.8 0.68 25 4.08E+O 1.37E-ll 1.59E-I1 

Total Cancer Risk 2.848-09 

L)(8/IY95 3:43 PM) Shccl I of I 
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SUMMARY OF RISK 
FUTURE OFFICE WORKER 
AREA OF CONCERN NO. 1 

c-aam&u 
Pathway Hazard Index Cancer Risk Hazard Index Cancer Risk 

Ingestion of surface soil 8.91 E-04 5.49E- 10 I .  13E-02 4.358-08 
Inhalation of particulates from surface soil 5.OOE- IO 5.22E-09 
Dermal contact with surface soil * 
External Irradiation 2.51E-10 2.938-09 
Total 8.91 E-04 1.30E-09 I .  13E-02 5.17E-OS 

* Dermal contact with metals and radionuclides is considered insignificant. 
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FUTURE OFFICE WORKER 
AREA OF CONCERN NO. 1 

CT - Soil ingestion 

Noncarcinogens 
IF=(IR x EDx FC x EFx ME x W ( B W  x AT) 

HQ= (C x IF)/RfD 

C IR ED FC EF ME CF BW AT IF IUD HQ 
Soil Ingestion Exposure Exposure Conversion Body Averaging Intake Reference 

Concentraton Rate Duration Fraction Frequency Matrix Factor Weight Time FXtOr Dose Hazard 
Chemical (m@g) (mglday) (years) Contaminated (daysEyr) Effect ( W m g )  0%) (days) (k@g-day) (mgnCg-day) Quotient 
Antimony 16.5 5 4 0.9 219 0.5 0.000001 70 1460 1.938-08 4.00E-04 7.96E-04 
Vanadium 33.39 5 4 0.9 219 0.5 0.000001 70 I460 1.938-08 7.00E-03 9.208-05 
Zlnc 48.38 5 4 0.9 219 0.5 0.000001 70 I460 1.93E-08 3.00E-01 3.1 IE-06 

Total Hazard Index 8.918-04 

Radionuclides 
I F d R  x ED x FC x EF x ME x CF 

CR = C  x IF x SF 

C IR ED FC EF ME CF IF SF CR 

Soil Ingestion Exposure Exposure Conversion Intake Slope 
Concentration Rate Duration Fraction Frequency Matrix Factor Factor Factor CanW 

Radionuclide (pCW (rngday) (years) Contaminated (daydyr) Effect Wmg) (g) (RiWpCi) Risk 
Americium-24 1 0.151 5 4 0.9 219. 1 0.001 3.948+00 3.28E-10 1.95E-10 
Plutoniurn-239L240 0.284 5 4 0.9 219 1 0.001 3.948+00 3.16E-10 3.54E-10 

Total Radionuclide Cancer Risk 5.498-10 

Total Cancer Risk 5.498-10 
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FUTURE OFFICE WORKER 
AREA OF CONCERN NO. 1 

RME - soil ingestion 

Noncarcinogens 
IF = ( I R  I El) x FC a EF x ME x CFY(BW x AT) 

ti(.) = (C I IF)IRID 

C IR ED FC EF ME CF BW AT IF RfD HQ 
Soil Ingestion Exposure Exposure Conversion Body Averaging ' Intake Reference 

Concentration Rate Duration Fraction Frequency Matrix Factor Weight Time Factor Dose Hazard 
Chemical (mgncg) (mdday) (years) Contaminated (daysly0 Effea (kglmg) . (kg) (days) (kgflig-day) (mg/kg-day) Quotient 
Antimony 16.5 50 25 1 250 0.5 0.000001 70 9125 2.45E-07 4.00E-04 I .OIE-02 
Vanadium 33.39 50 25 ' 1 250 0.5 0.000001 70 9125 2.458-07 7.00E-03 I .  17E-03 
Zinc '48.38 50 25 1 25U 0.5 O.oooOO1 70 9125 2.45847 3.00E-01 3.948-05 

Total Hazard Index I .  13E-02 

Radionuclides 
IF=IR x ED x FC x EF x ME x CF 

CR = C x IF x SF 

C IR ED FC EF ME CF IF SF CR 
Soil Ingestion Exposure Exposure Conversion Intake Slope 

Concentration Rate D d o n  Fraction Frequency Matrix Factor Factor Factor Cancer 
Radionuclide (pCW (mdday) (years) Contaminated (daydyr) Effect Wmg) (9) (RisWpCi) Risk 
Americium-241 0.151 50 25 1 250 1 0.001 3.13E42 3.288-10 1.558-08 
PlutoNum-239/240 0.284 50 25 * I  250 I 0.001 3.13842 3.16E-10 2.80E-08 

Total Radionuclide Cancer Risk 4.358-08 

Total Cancer Risk 4.358-08 
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FUTURE OFFICE WORKER 
AREA OF CONCERN NO. 1 

CT - lnhalation of particulates 

Radionuclides 
IF= IR x ETx EFx ED x DF 

CR = IFx C x SF 

C IR ET EF ED DF 1F SF CR 

Air lnhalation Exposure Exposure Exposure Respiratory Intake Slope 
Concentration Rate Time Frequency Duration Deposition Factor Factor Cancer 

Radionuclides (p~l/m’) (m’h)  (hrlday) (daydyr) (Years) Factor (m’) (RisWpCi) Risk 
Americium-24 1 1.63E-06 0.63 7.2 219 4 0.85 3.388+03 3.858-08 2.12E- 10 

0.63 7.2 219 4 0.85 3.388+03 2.78E-08 2.888-10 Plutonium-239/240 3.07E-06 
Total Radionuclide Cancer Risk 5.00E-10 

Total Cancer Risk 5.OOE-IO 



FUTURE OFFICE WORKER 
AREA OF CONCERN NO. 1 

RME - Inhalation of particulates 

Radionuclides 
IF= IR x ETx EFx ED x DF 

CR = IFx C x SF 

C IR ET EF ED DF IF SF CR 

Air Inhalation Exposure Exposure Exposure Respiratory Intake Slope 
Concentration Rate Time Frequency Duration Deposition Factor Factor Cancer .~ 

Radionuclides (p~dm’) ( m h )  (daydyr) (Y-) Factor (m’) (RisWpCi) Risk 
Americium-241 1.638-06 0.83 8 250 25 ’ 0.85 3.53E+04 3.858-08 2.218-09 
Plutonium-239R40 3.07E-06 0.83 8 250 25 0.85 3.53E+04 2.788-08 3.OlE-09 

Total Radionuclide Cancer Risk 5.228-09 

Total Cancer Risk 5.22E-09 
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CT - External Irradiation 

FUTURE OFFICE WORKER 
AREA OF CONCERN NO. 1 

IF = TF x GSFx E F x  ED 
CR = C  x IF x SF 

C TF GSF EF ED IF SF CR 
Soil Gamma Time Gamma Exposure Intake Slope 

Concentration Factor Shielding Factor Percent of year Duration Factor Factor Cancer 
Radionuclide (PCUg) (Te) ( 1 -Se) Exposed (years) (years) (I/pCi-ydg) Risk 
Americium-241 0.151 0.3 0.5 0.6 4 3.60E-01 4.59E-09 2.50E-IO 
PlUlONum-239/240 0.284 0.3 0.5 0.6 4 3.60E-01 1.37E-1 I 1.40E-12 

Total Cancer Risk 2.51E-10 

RME - External Irradiation 

IF= T F x  GSFx E F x  ED 
CR = C  x IFX SF 

C TF GSF EF ED IF SF CR 
soil Gamma Time Gamma Exposure Intake Slope 

Concentration Factor Shielding Factor Percent of year Duration Factor Factor Cancer 
Radionuclide (pCi/g) (Te) ( 1 -w Exposed (years) (years) (l/pCi-yr/g) Risk 
Americium-241 0.151 0.3 0.8 0.7 25 4.20E+00 4.59E-09 2.918-09 
Plutonium-239/240 0.284 0.3 0.8 0.7 25 4.20E+00 1.37E-I 1 1.63E-I I 

Total Cancer Risk 2.938-09 
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SUMMARY OF RISK 
FUTURE ECOLOGICAL WORKER 

AREA OF CONCERN NO. 1 - 
pathway Hazard Index Cancer Risk Hazard Index Cancer Risk 

Ingestion of surface soil 1.748-03 6.72E-10 6.2lE-03 2.408-09 
Inhalation of particulates from surface soil 
Dermal contact with surface soil * 

1.22E-10 2.29E- 10 

External Irradiation 8.36E-11 1.05E- 10 
Total 1.748-03 8.78E-10 6.218-03 2.738-09 

Dermal absorption of metals and radionuclides is considered insignificant. 
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FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 1 

CT - Soil ingestion 

Noncarcinogens 
IF=(IR x ED x FC x EF x ME x CF)/(BW x AT) 

HQ = (C x IF)/RfD 

C IR ED FC EF ME CF BW AT IF m HQ 
Soil Ingestion Exposure ~posure  Conversion Body Averaging Intake Ref- 

Concentmion Rate Duration Fraction Frequency Matrix Factor Weight Time Factor Dose Hazard 
Chemical ( m a g )  (mglday) (years) Contaminated (daydyr) Effea (kglmd (kg) (days) (kgkg-day) (&-day) Quotient 
Antimony 16.5 33 2.5 0.9 65 0.5 0.000001 70 915 3.778-08 4.00E-04 1 S5E-03 
Vanadium 33.39 33 2.5 0.9 65 0.5 0.000001 70 915 3.778-08 7.00E-03 I .80E-04 
zinc 48.38 33 2.5 0.9 65 0.5 0.00000I 70 915 3.77E-08 3.00E-01 6.08E-06 

Total Hazard Index 1.74843 

Radionuclides 
IF =IR x ED x FC x EF x ME x CF 

CR = C  x IF x SF 

C IR ED FC EF ME CF IF SF CR 
Soil Ingestion Exposure Exporn Conversion Intake Slope 

Concentrafion Rate Duration Fraction Frequency Mauix Factor Factor Factor Cancer 
Radionuclide (pCi/g) (mglday) (years) Contaminaced (daydyr) Effect (glmg) (9) (RisWpCi) Risk 
Americium-241 0.151 33 2.5 0.9 65 I 0.001 4.838+00 3.28E-10 2.398-10 
PIutonium-239/240 0.284 33 2.5 0.9 65 1 0.001 4.838+00 3.16E-IO 4.33E-10 

Total Radionuclide Cancer Risk 6.728-10 

Total Cancer Risk 6.728-10 
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RME - soil ingestion 

Noncarcinogens 

FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 1 

IF=(IR x ED x FC x EFx ME x CF)/(BW x AT) 
HQ = (C x IF)/RfD 

(AOCIECO.XLS Soil-ingX8114195 933 PM) Sheet 2 of 2 

C IR ED FC EF ME CF BW AT IF IUD HQ 
Soil Ingestion Exposure Exposure Conversion Body Averaging Intake Reference 

Concentration Rate Duration Fraction Frequency Matrix Factor Weight Time Factor Dose Hazard 
chemical (mg/kg) (mdday) (years) Contaminated (daydyr) Effect W m g )  (kg) (days) (kgflrg-day) (mg/kg-day) Quotient 
Antimony 16.5 106 2.5 1 65 0.5 0.000001 70 915 1.348-07 4.00E-04 5.55E-03 
Vanadium 33.39 106 2.5 1 65 0.5 0.000001 70 915 I .34E-07 7.00E-03 6.41E-04 
zinc 48.38 106 2.5 1 65 0.5 0.000001 70 915 1.34E-07 3.00E-01 2.17E-05 

Total Hazard Index 6.21E-03 

Radionuclides 
IF=IR x ED x FC x EFx ME x CF 

CR = C  x IF x SF 

C IR ED FC EF ME CF IF SF CR 

soil Ingestion Exposure Exposure Conversion Intake Slope 
Concentration Rate Duration Fraction Frequency Matrix Facta Factor Factor Cancer 

Radionuclide (pCug) (mdday) (years) Contaminted (daydyr) E M  (p/mg) (9) (RisWpCi) Risk 
1.72E+01 3.28E-10 8.53E-10 Americium-241 0.151 I06 2.5 1 65 1 0.001 

Plutonium-239I240 0.284 106 2.5 1 65 1 0.001 1.72E41 3.16E-10 1.558-09 
Total Radionuclide Cancer Risk 2.40849 

Total Cancer Risk 2.40E-09 



FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 1 

CT - Inhalation of particulates 

Radionuclides 
IF= IR x ETx EFx ED x DF 

CR = IFx C x SF 

c IR ET EF ED DF IF SF CR 
Air Inhalation Exposure f i p o m  Exposure Respiratory Intake Slope 

Concentration Rate Time Frequency Duration Deposition Factor Factor Cancer 
Radionuclides (p~i/m’) ( m ’ ~  W d a Y )  (daYS/Yf) (Years) Factor (m’) (RisWpCi) Risk 
Americium-241 1.638-06 0.83 7.2 65 2.5 0.85 8.25842 3.858-08 5.18E-I 1 
Plutonium-2391240 3.078-06 0.83 7.2 65 2.5 0.85 8.25842 2.788-08 7.04E-11 

Total Radionuclide Cancer Risk 1.228- 10 

Total Cancer Risk 1.22E-10 
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FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 1 

RME - Inhalation of particulates 

Radionuclides 
IF= IR x ETx EFx ED x DF 

CR = IFx C x SF 

C IR ET EF ED DF IF SF CR 
Air Inhalation Exposure Exposure Exposure Respiratoly Intake Slope 

Concentration Rate Time Frequency Duration Deposition Factor Factor CCiIlCer 
Radionuclides (p~im’)  (m’h) (Idday) (daYdYr) (ye@ Factor (m’) (RisklpCi) Risk 
Americium-241 I .638-06 I .4 8 65 2.5 0.85 1.55843 3.858-08 9.71E-It 
PIutoniurn-239/240 3.078-06 t .4 8 65 2.5 0.85 1.55E43 2.788-08 1.32E-10 

Total Radionuclide Cancer Risk 2.298-10 

Total Cancer Risk 2.29E-10 
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FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 1 

CT - External Irradiation 

IF= TF x GSF x EF x ED 
CR = C x IF x SF 

C TF GSF EF ED IF SF CR 
Soil Gamma Time GiUMla Exposure Intake Slope 

Concentration Factor ShieldingFaaor Percentofyear Duration Factor Factor cancer 
Radionuclide (pCW (T3 ( 1 -s3 Exposed (years) (years) (I/pCi-ydg) Risk 
Americium-241 0.151 0.3 0.8 0.2 2.5 1.20E-01 4.59849 8.32E-11 
Plutonium-239/240 0.2831 0.3 0.8 0.2 2.5 l.20E-01 1.37E-I 1 4.66E-I3 

Total Cancer Risk 8.368-1 1 

RME - External Irradiation 

IF=TF x GSF x EFx  ED 
CR = C  x IFx SF 

C TF GSF EF ED IF SF CR 
soil Gamma Time Gamma Percentofyear Exposure Intake Slope cancer 

Concentration Factor ShieldingFactor Exposed Duration Factor Factor Risk 
Radionuclide (PCW 0-3 ( 1 -SA (years) (Years) (I/pCi-yr/g) 
Americium-241 0.151 0.3 1 0.2 2.5 1.50E-01 4.59849 1.04E-10 
Plutonium-239/240 0.2837 0.3 I 0.2 2.5 1.50E-01 1.37E-ll 5.838-13 

Total Cancer Risk 1 .O5E- 10 
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SUMMARY OF RISK 
OPEN SPACE RECREATIONAL USE 

AREA OF CONCERN NO. 1 - 
Pathway Hazard lndex Cancer Risk Hazard lndex Cancer Risk 

Ingestion of surface soil by a child 1.058-02 
Ingestion of surface soil by an adult 2.268-04 1,138-03 
Carcinogenic effects of ingestion of surface soil 3.838-30 6.278-09 
Inhalation of particulates from surface soil 1.41E-11 6.61E-10 

2. I 1 E-03 

Dermal contact with surface soil* 

External Irradiation 1.518-11 2.938-10 
Total 2.338-03 4.12E-10 1.17E-02 7.22E-09 

* Dermal absorption of metals and radionuclides is considered insignificant 

(AOCIOPS.XLS SUMMARY)(8/14/95 8:45 PM) 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 1 

CT - Soil ingestion 

Noncarcinogens - Child 
IF =(IR-C x ED-C x EF x ME x CF)/(BW€ x AT-C) 

HQ = (C x IF)/RfD 

C IR-C ED-C EF ME CF B W C  AT€ IF RfD HQ 
Soil Ingestion Exposwe Exposure Conversion BdY Averaging Intake Reference 

Concentration Rate Duration Frequency Matrix Factor Weight Time Factor Dose Hazard 
Chemical (mg/kg) (mdvisit) (years) (VisiWyr) Effea (kglmg) (kg) (days) (kg/kg-day) (mglkg-day) Quotient 
Antimony 16.5 50 2 10 0.5 0.000001 15 730 4.578-08 4.OOE-04 1.88E-03 
Vanadium 33.39 50 2 10 0.5 0.000001 15 730 4.57E-08 7.OOE-03 2.18E-04 
zinc 48.38 50 2 10 0.5 0.000001 15 730 4.578-08 3.OOE-01 7.36E-06 

Total Hazard Index - "d 2.1 1 E-03 

Noncarcinogens - Adult 
IF =(IR-A x ED-A x EF x ME x CF)/(BW-A x AT-A) 

HQ = (C x IF)/RfD 

C IR-A ED-A EF ME CF BW-A AT-A IF m HQ 
soil Ingestion Exposure Exposure Conversion BdY Averaging Intake Rekrence 

Concentration Rate Duration Frequency Matrix Factor Weight Time Factor Dose Hazard 
Chemical (mgntg) (mdvisit) (years) (visiWyr) Efied (kglmg) 0%) (days) Otglkg-day) (mglkg-day) Quotient 

Vanadium 33.39 25 7 IO 0.5 0.000001 70 2555 4.898-09 7.OOE-03 2.338-05 
Antimony 16.5 25 7 IO 0.5 70 2555 4.898-09 4.OOE-04 2.028-04 0.000001 

Zinc '48.38 25 7 10 .0.5 0.000001 70 2555 4.89849 3.00E-01 7.898-07 
2.268-04 Total Hazard Index - Adult 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 1 

CT - Time-weighted average soil ingestion 

Radionuclides 

IR-C ED-C IR-A ED-A ME CF EF IF SF CR C 
Child Adult 

Soil Ingestion Exposure lngestion Exposure Conversion Exposure Intake Slope 
Duration Mabix Factor Frequency Factor Factor Cancer Concentration Rate Duration Rate 

(mplvisit) (Years) Effm Wmg) (visits/ yr) (9) (RisWpCi) Risk Chemical ( W g )  (mglvisit) (years) 
Americi~m-241 0.151 50 2 25 I 1 0.001 10 2.758+00 3.28E-IO 1.36E-10 

0.284 50 2 25 7 1 0.001 10 2.758+00 3.16E-10 2.47E-10 Plutonium-239/240 
Total Radionuclide Cancer Risk 3.838-10 

Total Cancer Risk 3.838-30 

h 



OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 1 

RME - Soil ingestion 

Noncarcinogens - Child 
' IF =(IR-C x ED-C x EF x ME x CF)/(BW-C x AT-C) 

HQ= (C x IF)IRtD 

IR-C ED-C EF ME CF B W C  A T 4  IF RtD HQ C 

Soil Ingestion Exposure Exposure Convetsion Body Averaging Intake Refenmce 
Concentration Rate Duration Frequency Maaix Factor Weight Time Factor Dose. Hazard 

Chemical (mflg) (mglvisit) (years) (visitdyr) Effect (Wmg) (kg) (days) (kgflrgday) (mgflrg-day) Quotient 
Antimony 16.5 100 6 25 0.5 0.000001 I5 2190 2.288-07 4.00E-04 9.42E-03 
Vanadium 33.39 100 6 25 0.5 0.000001 I5 2190 2.288-07 7.00E-03 1.09E-03 
zinc 48.38 100 6 25 0.5 0.000001 15 2190 2.28E-07 3.00E-01 3.688-05 

Total Hazard Index - Child 1.05E-02 

Noncarcinogens - Adult 
IF =(IR-A x ED-A x EF x ME x CF)/(BW-A x AT-A) 

HQ = (C x lF)/RfD 

C IR-A ED-A EF ME CF BW-A AT-A IF IUD . HQ 
Soil Ingestion Exposure Exposure Conversion Body Averaging Intake Reference 

Concentration Rate Duration Frequency Matrix Factof Weight Time Factor Dase Hazard 
Chemical (mflg) (mglvisit) (years) (visitdyr) Effea (kglmg) (kg) (days) (kgflrg-day) (mglkg-day) Quotient 
Antimony 16.5 50 24 25 0.5 0.000001 70 8760 2.45E-08 4.00E-04 1.01E-03 
Vanadium 33.39 50 24 25 0.5 70 8760 2.458-08 7.00E-03 I .17E-04 0.000001 
zinc 48.38 50 24 25 0.5 0.000001 70 8760 2.45E-08 3.00E-01 3.948-06 

Total Hazard Index - Adult I .  13E-03 

(AOCIOPS. ILJNGXlUI4L35 8:)s PM) @ S k t 3 o f 4  



OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 1 

RME - Time-weighted average. soil ingestion 

Radionuclides 
IF =[(IR-C x ED€) + (IR-A x ED-A)] x EF x ME x CF 

CR = C  x I F x  SF 

C I R C  ED€ IR-A ED-A ME CF EF IF SF CR 
Child Adult 

Soil Ingestion Exposure Ingestion Exposure Conversion Exposure Intake Slop 
Concentration Rate Duration Rate Duration Matrix Factor Fmpncy Factor Factor Can53 

Chemical (PCW (mgvisit) (years) (mghisit) (Years) Effect WW) (visitdyr) (g) (RisWpCi) Risk 
Americium-24 I 0.151 100 6 50 24 1 0.001 25 4.50E+01 3.28E-10 2.23849 
Plutonium-239/240 0.284 100 6 50 24 I 0.001 25 4.50E+01 3.16E-10 4.048-09 

Total Radionuclide Cancer Risk 6.27E-09 

Total Cancer Risk 6.27E-09 
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. OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 1 

CT lnhalation of particulates 

Radionuclides 
IF = IR x ET 1 El: 1 ED x DF 

CR = IFx C x SF 

C IR ET EF ED DF IF SF CR 
Air Inhalation Exposure Exposure Exposure Respiratory lntake Slope 

Concentration Rate Time Frequency Duration Deposition Factor Factor Cancer . .  

Radionuclides (p~i/m’) (rn’h) (hdvisit) (visitsly) (years) Facta (m’) (RiSWpCi) Risk 
Americium-241 1.638-06 0.83 1.5 10 9 0.85 9.528+01 3.85E-08 5.988-12 
PIutonium-239/240 3.078-06 0.83 1.5 . 10 9 0.85 9 .52841 2.788-08 8.138-12 

Total Radionuclide Cancer Risk I .4 18-1 I 

TotalCancerRisk , 1.418-11 

S h a l  I of 2 



RME Inhalation of particulates 

Radionuclides 

OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 1 

IF= IR x ETx EF x ED x DF 
CR = IFx C x  SF 

C IR ET EF ED DF IF SF CR 

Air Inhalation Exposure Exposure Exposure Respiratory Intake Slope 
Concentration Rate Time Frequency Duration Deposition Factor Factor Cancer 

Radionuclides (p~l/m’) (m’/hr) (hdvisit) (visidyr) (yixs) Factor (m3) (RisWpCi) Risk 
Americium-241 1.638-06 1.4 5 25 30 0.85 4 .46843 3.858-08 2.80E-10 
Plutonium-239f240 3.07E-06 1.4 5 25 30 0.85 4.46E43 2.788-08 3.8 1E- 10 

Total Radionuclide Cancer Risk 6.61E-10 

Total Cancer Risk 6.61E-10 

(AOCIOPSXLS INHP)(&r14@5 8:37 PM) sheet 2 of 2 



OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 1 

CT - External Irradiation 

IF = TF x GSF x EF x ED 
CR = C x IF x SF 

C TF GSF EF ED IF SF CR 

Gamma Exposure Intake Slope Soil Gamma Time 
Concentration , Factor ShieldingFactor Percentofyear Duration Factor Factor Cancer 

Radionuclide (pCW (Te) ( 1 -w Exposed (years) (years) (l/pCi-yr!p, Risk 
Americi~m-241 0.151 0.1 0.8 0.03 9 2.16E-02 4.598-09 1.50E-11 
Plutoniurn-239/240 0.284 0.1 0.8 0.03 , 9 2.16E-02 1.37E-11 8.408-14 

Total Cancer Risk I .5 IE- I 1 

R h E -  External Irradiation 

IF= TF x GSF x EF x ED 
CR = C  x I F x  SF 

\ 

C TF GSF EF ED IF SF CR 

GaINIU Exposure Intake Slope soil Gamma Time 
Concentration Factor Shielding Factor Percent of year Duration Factor Factor Cancer 

. Radionuclide (PCW (Te) ( 1 -se) Exposed (years) (Years) (I/pCi-yr/g) RisL 
Americium-24 1 0.151 0.2 1 0.07 30 4.20E-01 4.598-09 2.91E-IO 
Plutonium-239/240 0.284 0.2 1 0.01 30 4.20E-01 1.37E-11 1.638-12 

Total Cancer Risk 2.938-10 

(AOCIOPS. TRNL)(8114/95 8:37 PM) 
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SUMMARY OF RISK 
FUTURE CONSTRUCTION WORKER 

AREA OF CONCERN NO. 1 

c2adm&u 
Cancer Risk Hazard Index Cancer Risk Pathway Hazard Index 

Ingestion of subsurface soil 
Inhalation of particulates from surface and subsurface soil 
Dermal contact with subsurface soil* 

9.278-05 3.648-30 5.2 1 E-04 2.048-09 
9.37E-08 3.418-11 1.17E-07 4.248-1 1 

External Irradiation 1.55E-09 1.948-09 
Total 9.288-05 1.958-09 5.21 8-04 4.03E-09 

+Dermal absorption of metals and radionuclides is considered insignificant. 

(AOCIC0N.XL.S SUMMARY)(IU14/95 939 PM) Sheet I of I 



FUTURE CONSTRUCTION WORKER 
AREA OF CONCERN NO. 1 

CT - Subsurface soil ingestion 

Noncarcinogens 
IF=(IR x ED x FC x EF x ME x CF)/(BW x AT) 

HQ = (C x IF)/RfD 

C IR ED Fc EF ME CF BW AT IF RtD HQ 
Soil Ingestion Exposure Exposure Conversion Body Averaging Intake Reference 

Concentration Rate Duration Fraction Fquency Matrix Factor Weight Time Factor D o s e '  Hazard 
Chemical (mgkg) (mgday) (years) Contaminated (daydyr) Effect (kklmg) (kg) (days) (kgkg-day) (mglkg-day) Quotient 
Barium 129.33 95 1 0.9 30 0.5 0.000001 70 3 65 5.028-08 7.00842 9.278-05 

Total Hatard Index 9.278-05 

Radionuclides 
IF=IR x ED x FC x EF x MEx CF 

CR=CxIFxSF 

C IR ED FC EF ME CF IF SF CR 
Soil Ingestion Exposure Ew- Conversion Intake Slope 

Concentration Rate Duration Fraction Frequency Matrix Factor Factor Factor CanCer 
Radionuclide (PcVg)) (mglday) (years) Contaminated ( d a W 0  Effea Wmg) otgkg-day) Il(m&-day) Risk 
Americi~m-241 0.013 95 1 0.9 30 1 0.001 2 . 5 7 8 4  3.288-10 1.09E-11 
Plutonium-239T240 0.021 95 1 0.9 30 I 0.001 2.57E+00 3.16E-10 1.70E-11 
Uranium-233T234 0.8 95 1 0.9 30 1 0.001 2 . 5 7 8 4  4.448-1 I 9.1 IE-I1 
Uranium-238 I .54 95 1 0.9 30 1 0.001 2.57E+00 6.20E-11 2.4SE-IO 

Total Radionuclide Cancer Risk 3.64E-10 

Total Cancer Risk 3.648-10 

(AOCICON. IL_MGXB114P)5 939 PM) I1D 0 
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FUTURE CONSTRUCTION WORKER 
AREA OF CONCERN NO. 1 

RME - Subsurface soil ingestion 

Noncarcinogens 
IF =(IR x ED x FC x EF x ME x CFY(BW x AT) 

HQ = (C x IF)/RfD 

C IR ED FC EF ME CF BW AT IF IUD HQ 
soil Ingestion Exposure Exposure Conversion Body Averaging Intake Reference 

Concentration Rate Duration Fraction Frequency Matrix Factor Weight Time Factor Dose Hazard 
Chemical (mglkg) (mg/day) (years) Contaminated (daydyr) Effea W m g )  (kg) (days) (kglkg-day) (mg/kg-day) Quotient 

Total Hazard Index 5.21E-04 
Barium 129.33 480 I 1 30 0.5 0.000001 70 365 2.828-07 7.00E-02 5.21844 

Radionuclides 
IF=IR x ED x FC x EF x ME x CF 

CR = C x IF x SF 

C IR ED FC EF ME CF IF SF CR 
Soil Ingestion Exposure mQ- Conversion lntake Slope 

Concentration Rate Duration Fraction FFequency Matrix Factor Factor Factor Cancer 
Radionuclide (mglkg) (mdday) (years) Contaminated (daydyr) Effect Wmg) otglkg-day) l4mglkg-day) Risk 
Americium-241 0.013 480 I 1 30 I 0.001 1.44E+01 3.28E-10 6.14E-11 
Plutonium-239L?40 0.02 1 480 1 1 30 1 0.001 1.44E+01 3.16E-10 9.568-11 
Urani~m-233t234 0.8 480 1 1 30 1 0.001 1.44E+01 4.44E-11 5.11E-10 
Urani~m-238 1.54 480 1 1 30 I 0.001 1.44E41 6.20E-11 1.378-09 

Total Radionuclide Cancer Risk 2.04E-09 

(AOCICON.XLS SOIL-INGX8/14,95 939 PM) 

Total Cancer Risk 2.048-09 
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CT - Inhalation of particulates from surface and subsurface soil 

Noncarcinogens 

FUTURE CONSTRUCTION WORKER 
AREA OF CONCERN NO. 1 

IF = (IR x ET x EF x ED x Dn/(BW x AT) 
HQ = (IF x C)/RfD 

I C IR ET EF ED DF BW AT IF m HQ 
Air Inhalation Exposure Exposure Exposure Respiratory Body Averaging Intake Reference 

I Concentration Rate Time Frequency Duration Deposition Weight Time Factor Dose Hazard 
Chemical (mdm’) (m’h) (hr/day) (day dY r) (Years) Factor 0%) (days) (m’/kg-day) (*-day) Quotient 
BarilUll 1.468-09 1.25 7.2 30 1 0.85 70 365 8.98E-03 1.40E-04 9.37E-08’ 

Total Hazard Index 9.378-08 

Radionuclides 
IF= IR x ET x EFx ED x DF 

CR = IFx C x SF 

C IR ET EF ED DF IF SF CR 

‘Air Inhalation Exposure Exposure Exposure Respiratory Intake Slope 
Concentration Rate Time Frequency Dumtion Deposition Factor Factor Cancer 

Radionuclides (p~ilm’) (m’h) (hr/daY) (daySEyr) (Years) Factor (m’) (RisUpCi) Risk 
Americium-241 1.638-06 1.25 7.2 30 1 0.85 .2.30E+M 3.858-08 1.44E-I I 
Plutonium-239D40 3.07846 I .25 7.2 30 1 0.85 2.308+02 2.788-08 1.96E-11 
Uranium-233D34 9. IOE-09 1.25 7.2 30 1 0.85 2.308+02 1.40E-08 2.928-14 
Uranium-238 1.14E-08 I .25 1.2 30 1 0.85 2.30E+02 1.248-08 4.95E-14 

Total Radionuclide Cancer Risk 3.41E-11 

Total Cancer Risk 3.41E-11 

(AOCICON. PXB/14195939 PM) 
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FUTURE CONSTRUCTION WORKER 
AREA OF CONCERN NO. 1 

RME - Inhalation of particulates from surface and subsurface soil 

Noncarcinogens 
IF=(IR x ETx EFx EDx DF)/(BW x AT) 

HQ = (IF x C)/RfD 

C IR ET EF ED DF BW AT IF RfD HQ 
Air Inhalation Exposure EXpoSUre Exposure Resphory Body Averaging Intake Reference 

Concentration Rate Time Frequency Duration Deposition Weight Time Factor Dose Hazard 
Chemical ( m d )  (m’h) W h y )  (days/yr) (Years) Factor @P) (days) (m’kg-day) (nwkg-day) Quotient 
BariUm 1.468-09 1.4 8 30 1 0.85 70 365 1.12E-02 1.4OE-04 1.17E-07 

Total Hazard Index 1 17E-07 

Radionuclides 
IF= IR x ET x EFx ED x DF 

CR = IF x C x SF 

C IR ET EF ED DF IF SF CR 
Air Inhalation Exposure Exposure Exposure Respiratory Intake Slope 

Concentration Rate Time Frequency Duration Deposition Factor Factor Cancer 
Radionuclides (p~ilm’) ( m ’ ~  W h y )  (days&) (Years) Factor (m’) ( W p C i )  Risk 

Plutonium-239L240 3.078-06 1.4 8 30 I 0.85 2.86E+02 2.788-08 2.448-1 I 
Americium-24 1 1.638-06 1.4 8 30 I 0.85 2.868+02 3.858-08 1.798-1 I 

Uranium-233R34 9.1 OE-09 1.4 8 30 1 0.85 2.868+02 1.40E-08 3.64E-14 
1.248-08 6.36E-14 

4.248-1 1 
2.86E+02 Uranium-238 1.748-08 1.4 8 30 1 0.85 
Total Radionuclide Cancer Risk 

Total Cancer Risk 4.248- I 1 

(AOCICON.XIS INHPHB/14195 939 PM) S k e l 2  of 2 



FUTURE CONSTRUCTION WORKER 
AREA OF CONCERN NO. 1 

CT - External Irradiation 

IF= TF x GSF x EF x ED 
CR = C  x I F x  SF 

C TF GSF EF ED IF SF CR 
soil Gamma Time Gamma Exposure Intake Slope 

Concentration Factor ShieldingFactor Percentofyear Duration Factor Factor Cancer 
Radionuclide (pCi/g) (Te) ( 1 -se) Exposed (years) (years) (VpCi-ydg) Risk 
Americi~m-241 ' 0.0129 0.3 0.8 0.08 1 1.92E-02 4.598-09 1.14E-12 
Plutonium-239n40 0.0207 0.3 0.8 0.08 I 1.92842 1.37E-ll 5.448-15 
Uranium-233R34 0.8 0.3 0.8 0.08 I 1.928-02 2.14E-I 1 3.298-13 
Uranium-238 1.54 0.3 0.8 0.08 1 1.928-02 5.2SE-08 1 S5E-09 

Total Cancer Risk 1 SSE-09 

RME - External Irradiation 

IF= TF x GSF x EF x ED 
CR = C  x IF x SF 

C TF GSF EF ED IF SF CR 
Soil Gamma Time Gamma Exposure Intake Slope 

Concentration Factor Shielding Factor Percent of year Duration Factor Factor Cancer 
Radionuclide (PCW (Te) (1-W Exposed (years) (years) (I/pCi-yr/g) Risk 
Americium-241 0.0129 0.3 I 0.08 1 2.408-02 4.598-09 I .42E-12 
Plutonium-239R40 0.0207 0.3 I -  ' 0.08 I 2.408-02 1.37E-I I 6.818-15 
Uranium-233R34 0.8 0.3 I 0.08 1 2.40842 2.14E-ll 4.11E-13 
Uranium-238 I .54 0.3 1 0.08 I 2.40E-02 5.2SE-08 1.948-09 

Total Cancer Risk 1.948-09 

~ A O C I C O N ~ I 4 E J S  940PM) Sheel I of I 



SUMMARY OF RISK 
FUTURE OFFICE WORKER 
AREA OF CONCERN NO. 2 

30-ACRE AREA 

ckadm&u 
Pathway Hazard index Cancer Risk Hazard index Cancer Risk 

ingestion of Surface soil 
inhalation of particulates from surface soil 
Dermal contact with surface soil * 
External Irradiation 

7.908-04 5.50E-09 1.00E-02 4.368-07 
5.47E-09 5.7 1 E-08 

2.1 1 E-09 2.478-08 
Inhalation of VOCs from infilmtion 2.348-12 3.09E-15 2.458-1 1 3.238- 14 
Total 7.90E-04 I .31 E-08 1 .ooE-02 5.188-07 

* Dermal contact with metals and radionuclides is considered insignificant. 

(AOCZOFFW.Xl.3 SUMMARY)(W14#5 4 2 4  PM) Sheet I of I 



FUTURE OFFICE WORKER 
AREA OF CONCERN NO. 2 

30-ACRE AREA 

CT - Soil ingestion. 
I '  

Noncarcinogens 
lF=(IR x EDx FCx EF x MExcFy(BW x AT) 

HQ = (C x IF)/RfD 

IR ED FC EF ME CF BW AT IF RfD HQ C 

Soil Ingestion Exposure wosure Conversion Body Averaging Intake Reference 
Concentration Rate Duration Fraction Frequency Matrix Factor Weight Time FWOl Dose Hazard 

Chemical (mgntg) (@day) (years) Contaminated (days/yr) Eff- Orglmg) (kg) (days) Orfigday) (mgkgday) Quotient 

Silver 2.64 5 4 0.9 219 0.5 0.000001 70 1460 1.93848 5.00E-03 1.02E-05 
Antimony 14.09 5 4 0.9 219 0.5 0.000001 70 I460 1.938-08 4.00E-04 6.798-04 

Vanadium 34.3 1 5 4 0.9 219 0.5 0.000001 70 1460 I .93E-08 7.00E-03 9.45E-05 
ZiC 85.66 5 4 0.9 219 0.5 0.000001 70 I460 1.938-08 3.00E-01 5.518-06 

Total Hazard Index 7.90E-04 

Radionuclides 
IF =IR x ED x FC x EF x ME x CF 

CR = C  x IFx SF 

C IR ED FC EF ME CF IF SF CR 

Soil Ingestion Exposure Exposure Conversion Intake Slope 
Concentration Rate Duration Fraction Frequency Matrix Factor Factor Factor Cancer 

Radionuclide (pCi/p) (@day) (Years) contaminated (days/yr) E f f d  Wmg) (g) (RisWpCi) Risk 
Americium-241 I .27 5 4 0.9 219 1 0.001 3.948+00 3.288-10 1.648-09 
Plutonium-239/240 3.1 5 4 0.9 219 . I 0.001 3.94E+00 3.16E-IO 3.868-09 

Total Radionuclide Cancer Risk 5.50E-09 

Total Cancer Risk 5.5OE-09 

(AOCLOFFW OIL-ING)(W1495 9 4 1  PM) 
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FUTURE OFFICE WORKER 
AREA OF CONCERN NO. 2 

30-ACRE AREA 

Rh4E - soil ingestion 

Noncarcinogens 
IF=(IR x ED x FC x EFx MEx CF)/(BW x AT) 

HQ = (C x IF)/RtD 

FC EF ME CF BW AT IF RfD HQ C IR ED 

Soil Ingestion Exposure Exposure Conversion Body Averaging Intake Reference 
Concentration Rate Duration Fraction Frequency Matrix Factor Weight Time Factor Dose Hazard 

Chemical (mgnig) (mdday) (years) Contaminated (dayslyr) Effect (kg/mg) (kg) (days) Ocgnig-day) (mg/kg-daY) Quotient 
Antimony 14.09 . 50 25 I 250 0.5 0.000001 70 9125 2.458-07 4.00E-04 8.628-03 
Silver 2.64 50 25 I 250 0.5 0.000001 70 9125 2.458-07 5.00E-03 1.29E-04 
Vanadium 34.31 50 25 I 250 0.5 0.000001 70 9125 2.458-07 7.00E-03 1.20E-03 
Zinc 85.66 50 25 1 250 0.5 0.000001 70 9125 2.458-07 3.00E-01 6.988-05 

Total Hazard Index 1.00E-02 

Radionuclides 
1F=IR x ED x FC x E F X  MEx CF 

CR = C x IF x SF 

C IR ED FC EF ME CF IF SF CR 
Soil Ingestion Exposure Exposure Conversion intake Slope 

Concentration Rate Duration Fraction Frequency Matrix Factor Factor Factor Cancer . -  

Radionuclide (pCW (mdday) (years) Contaminated (days/yr) Effect @/me) (9) (RisWpCi) Risk 
Americium-241 . 1.27 50 25 1 250 1 0.001 3.138+02 3.288-10 1.30E-07 
Plutonium-239/240 3.1 50 25 1 250 1 0.001 3.13E42 3.16E-IO 3.06E-07 

Total Radionuclide Cancer Risk 4.368-07 

Total Cancer Risk 4.368-07 
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CT - Inhalation of particulates 

FUTURE OFFICE WORKER 
AREA OF CONCERN NO. 2 

30-ACRE AREA 

Radionuclides 
IF = IR t ET t EF t El) t I)F 

C'R = IFt  C t  S F ,  

C IR ET EF ED DF IF SF CR 
Air Inhalation Exposure Exposule Exposure Respiratory Intake Slope 

Concentration Rate Time Frequency Duration Deposition Factor Factor Cancer 
Radionuclides (pCl/m') ( m ' h )  (hr/day) (daydyr) (Years) Factor (m') (RisWpCi) Risk 
Americium-241 1 S2E-05 0.63 7.2 219 4 0.85 3.388+03 3.85E-08 1.988-09 
Plutonium-239/240 3.728-05 0.63 7.2 219 4 0.85 3.388+03 2.788-08 3.498-09 

Total Radionuclide Cancer Risk 5.478-09 

Total Cancer Risk . 5.478-09 

S k l  I of 2 
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FUTURE OFFICE WORKER 
AREA OF CONCERN NO. 2 

30-ACRE AREA 

RME - Inhalation of particulates 

Radionuclides 
IF= IR x ETx EFx ED x DF 

CR = IFx C x SF 

C IR ET EF ED DF IF SF CR 
Air Inhalation Exposure Exposure Exposure Respiratory Intake Slope 

Concentration Rate Time Frequency Duration Deposition Factor Factor Cancer 
Radionuclides (p~dm’) ( m ’ h )  (hr/day) (daydyr) ( Y k )  Factor (m’) (RiWpCi) Risk 
Americium-241 1 S2E-05 0.83 8 250 25 0.85 3.53E+04 3.858-08 2.068-08 
Plutonium-239/240 3.72E-05 0.83 8 250 25 0.85 3.53E+04 2.788-08 3.65E-08 

Total Radionuclide Cancer Risk 5.71E-08 

Total Cancer Risk 5.7 1 E-08 
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CT - External Irradiation 

FUTURE OFFICE WORKER 
AREA OF CONCERN NO. 2 

30-ACRE AREA 

IF= TF x CSFx EF x ED 
CR = C x IF x SF 

C TF GSF EF ED IF SF CR 
Soil GammaTime GiUNM Exposure Intake Slope 

Concenrration Factor Shielding Factor Percent of year Duration Factor Factor Cancer 
Radionuclide (PCW (Te) ( I  -Se) Exposed (years) (years) (VpCi-yrlg) Risk 
Americium-241 I .27 0.3 0.5 0.6 4 3.60E-01 4.598-09 2.10E-09 
PIutonium-239l240 3.1 0.3 0.5 0.6 4 3.60E-01 1.37E-ll 1.53E-I1 

Total Cancer Risk 2.1 IE-09 

RME - External Irradiation 

IF= TF x GSFx EF x ED 
CR = C  x IF x SF 

C TF GSF EF ED IF SF CR 

Soil GammaTime GiWMW Exposure Intake Slope 
Concenbation Factor Shielding Factor Percent of year Duration Factor Factor Cancer 

Radionuclide (PCdg) (Te) ( 1 -Se) Exposed (years) (years) (IlpCi-yrlg) Risk 
Americium-241 I .27 0.3 ' 0.8 0.7 25 4.20Em 4.598-09 2.458-08 
Plutonium-239l240 3. I 0.3 0.8 0.7 25 4.20E+00 1.37E-ll 1.78E-IO 

Total Cancer Risk 2.478-08 

S k l  I of I 



FUTURE OFFICE WORKER 
AREA OF CONCERN NO. 2 

30-ACRE AREA 

CT - Inhalation of VOCs from infiltration 

Noncarcinogens 
IF = (IR x ET x EF x ED)/(BW x AT) 

HQ = (C x 1F)IRfD 

IR ET EF ED BW AT IF IUD HQ C 
Reference VOCConmtration Inhalation Exposure Exposure Exposure Body Averaging Intake 

Factor Dose Hazard in air Rate Time Frequency Duration Weight Time 
Chemical (ms/m’) (m’h) W h y )  (&YS/Y~) (years) (kg) (years) (m’kg-day) (mgkg-day) Quotient 

0.63 7.2 219 4 70 1460 3.89E-02 9.00E-01 2.348-12 Methylene chloride 5.428-1 1 
Total Hazard Index 2.34E-I2 

Carcinogens 
IF = (IR x ET x EF x ED)/(BW x AT) 

CR = C x IF x SF 

C IR ET EF ED BW AT IF SF CR 
VOCConcenhation Inhalation Expo- Exposure Exposure Body Avetaging Intake Slope 

in air Rate Time Frequency Duration Weight Time Factor Factor cancer 
Chemical (mdm’) (m’h) (h/hY) (bYS/Yr) (years) (kg) (years) (rn’kg-day) I/(rngkgday) Risk 

0.63 7.2 219 4 70 . 25550 2.22E-03 8.OOE-02 1.1 1E-15 chlorofom 6.228-12 
Methylene chloride 
Tetrachloroethene 

1.60E-03 I .93E- I6 
7.2 219 4 70 25550 2.22E-03 2.00E-03 3.658-16 

70 25550 2.22E-03 5.42E- 1 1 0.63 7.2 219 4 
8.228-1 1 0.63 

0.63 7.2 219 4 70 25550 2.22E-03 6.00E-03 1.438-35 Trichloroethene 1.07E-10 
Total Cancer Risk 3.098-15 

(AOC20F)W.XLS INHV)(B114195 4 2 7  PM) sheet I of2 



F’UTURE OFFICE WORKER 
AREA OF CONCERN NO. 2 

30-ACRE AREA 

RME - Inhalation of VOCs from infilmion 

Noncarcinogens 
IF= (IR x ETx EFx ED)/(BW x AT) 

HQ = (C x IF)/RfD 

C IR ET EF ED BW AT IF RfD HQ 
VOCConcentration Inhalation Exposure Exposure Exposure Body Averaging Intake Reference 

in air Rate Time Frequency Duration Weight Time Factor Dose Hazard 
Chemical (mg/m’) (m’h) (hdday) (daydyr) (years) (kg) (years) (m’lkg-day) (mgllrg-day) Quotient 

Total Hazard Index 2.458-1 1 
Methylene chloride 5.428-11 0.83 8 250 25 70 1460 4.06E-01 9.00E-01 2.45E-11 

Carcinogens 
IF= OR x ETx EFx ED)/(BW x AT) 

CR = C x IF x SF 

C IR ET EF ED BW AT IF SF CR 

hair Rate Time Frequency Duration Weight Time Factor FXtOr Cancer 
VOCConcenlration Inhalation Exposure Exposure Exposure Body Averaging Intake Slope 

chemical (mg/m’) (m’h) Wday) (daYs/yr) (years) Org) (years) (m’kg-day) I/(m&day) Risk 
‘Chlorofom 6.228-12 0.83 8 250 25 70 25550 2.328-02 8.00E-02 1.15E-14 
Methylene chloride 5.428-1 1 0.83 8 250 25 70 25550 2.328-02 1.60E-03 2.01E-I5 
Tetrachloroethene 8.228- 1 1 0.83 8 250 25 70 25550 2.32E-02 2.00E-03 3.81E-15 
Trichloroethene I .07E-10 0.83 8 250 25 70 25550 2.328-02 6.00E-03 1.49E- I4 

Total Cancer Risk 3.238-14 

(AOC20FFW. HV)(8/14’95 4 2 7  PM) 6 S k t  2 of 2 



a SUMMARY OF RISKS 
CURRENT WORKER 

AREA OF CONCERN NO. 2 - 
Pathway Hazard Index Cancer Risk Hazard Index Cancer Risk 

Ingestion of surface soil 1.828-03 1 .OlE-OS l.lSE-02 4.028-07 
Inhalation of particulates from surface soil 6.898-1 1 5.468-10 
Dermal contact with surface soil* 
External Irradiation 2.068-09 2.41 E-08 
Total I .82E3-03 I .23E-O8 1.158-02 4.26E-07 

* Dermal absorption of metals and radionuclides is considered insignificant. 

(AOC2INDW.XLS SUMMARY)(BII3NS 4 : W  PM) Sheet I of I 



CURRENT WORKER 
AREA OF CONCERN NO. 2 

CT - Soil ingestion 

Noncarcinogens 
IF =(IR x ED x FC x EF x ME x CF)/(BW x AT) 

HQ = (C x IF)/RtD 

C IR ED Fc EF ME CF BW AT IF m HQ 
Soil Ingestion Exposure Exposure Conversion Body Averaging Intake Reference 

Concentration Rate Duration Fraction Frequency Mauix Factor Weight Time Factor Dose Hazard 
Chemical (mglkg) (mglday) (years) Contaminated (daydyr) Effect (kglmg) (kg) (days) (kglkg-day) (mgkg-day) Quotient 
Antimony 16.49 10 4 0.9 219 0.5 0.000001 70 1460 3.86E-08 4.00E-04 1.598-03 
Silver 2.31 10 4 0.9 219 0.5 0.000001 70 1460 3.868-08 5.00E-03 I .78E-05 
Vanadium 36.13 10 4 0.9 219 0.5 0.000001 70 I460 3.868-08 7.00E-03 I .99E-04 
zinc 80.46 I O  4 0.9 219 0.5 O.OoooO1 70 1460 3.86E-08 3.00E-01 I .03E-05 

Total Hazard Index 1.828-03 

Radionuclides 
IF=IR x ED x FC x EF x ME x CF 

CR = C  x I F x  SF 

C IR ED FC EF ME CF IF SF CR 

Soil Ingestion Exposure Exposure Conversion . Intake Slope 
Concentration Rate Duration Fraction Frequency Matrix Factor Factor Factor cancer 

Radionuclide (pCi/g) (mglday) (years) Contaminated (daydyr) Effect (glmg) (g) (RisWpCi) Risk 
Americium-24 I 1.24 I O  4 0.9 219 I 0.001 7.888+00 3.288-10 3.218-09 
Plutonium-239T240 2.78 10 4 0.9 219 1 0.001 7.888+00 3.16E-IO 6.938-09 

(AOC2INDW. L-INGHWIM5 359 PM) 

0 

Total Radionuclide Cancer Risk I .01E-08 

Total Cancer Risk 1.01E-08 



CURRENT WORKER 
AREA OF CONCERN NO. 2 

RME - soil ingestion 

Noncarcinogens 
IF=(IR x ED x FC x EFx MEx CF~(BW x AT) 

HQ = (C x IF)/RfD 

C IR ED FC EF ME CF BW A T  IF RfD HQ 
Soil Ingestion Exposure Exposure Conversion Body Averaging Intake Reference 

Concentration Rate Duration Fraction Frequency Matrix Factor Weight Time Factor Dose Hazard 
Chemical (mg/kg) (mglday) (years) Contaminated (daydyr) Effect (kg/mg) (kg) (days) (kg/kg-day) (mglkg-day) Quotient 

Silver 
Vanadium 36.13 50 25 1 250 0.5 0.000001 70 9125 2.458-07 7.00E-03 I .268-03 

Antimony 16.49 50 25 1 250 0.5 0.000001 70 9125 2.458-07 4.00E-04 I .01E-02 
2.31 50 25 1 250 0.5 0.000001 70 9125 2.458-07 5.00E-03 I .  13E-04 

Z i C  80.46 50 25 I 250 0.5 0.000001 70 9125 2.458-07 3.008-01 6.568-05 
Total Hazard Index 1.15E-02 

Radionuclides 
IF=IR x ED x FC x E F x  MEx CF 

CR = C  x IFx SF 

C IR ED FC EF ME CF IF SF CR 
Soil Ingestion Exposure Exposure Conversion Intake Slope 

Concentration Rate Duration Fraction Frequency Matrix Factor Factor Factor Cancer 
Radionuclide (pCi/g) (mg/day) (years) Contaminated (daydyr) Effect (g/mg) (g) (RisWpCi) Risk 
Americium-241 1.24 50 25 I 250 I 0.001 3.138+02 3.28E-10 1.278-07 

Total Radionuclide Cancer Risk 4.028-07 
Plutonium-239R40 2.78 50 25 I 250 1 0.001 3.13E+02 3.16E-10 2.758-07 

(AOC2Ih'DW.XLS SOn-INGXWIY95 359 PM) 

Total Cancer Risk 4.02E-07 
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CURRENT WORKER 
AREA OF CONCERN NO. 2 

CT - Inhalation of particulates 

Radionuclides 
IF= IR x ETx EFx ED x DF 

CR = IF x C x SF 

C IR ET EF ED DF IF SF CR 
Air Inhalation Exposure Exposure Exposure Intake Slope 

Concentration Rate Time Frequency Duration Deposition Factor Factor CanCer 
Radionuclides (p~i/m’) (m’h)  Wday) ( W W  (Years) Factor (m’) (RisWpCi) Risk 
Americium-241 I S3E-07 0.83 7.2 219 4 0.85 4.458+03 3.85E-08 2.62E-11 
Plutonium-239L240 3.45E-07 0.83 1.2 219 4 0.85 4.45E+03 2.788-08 4.27E-11 

Total Radionuclide Cancer Risk 6.898-1 I 

Total Cancer Risk 6.898-1 I 
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CURRENT WORKER 
AREA OF CONCERN NO. 2 

Rm, - Inhalation of particulates 

Radionuclides 
IF = IR x ET x EF x ED x DF 

CR= IFx C x SF 

C IR ET EF ED DF IF SF CR 
Air Inhalation Exposure Exposure Exposure Intake Slope 

Concentration Rate Time Frequency Duration Deposition Factor Factor Cancer 
~ Radionuclides (p~i im’)  ( m ’ ~  (May)  (daydyr) (y-1 Factor (m’) (RisWpCi) Risk 

Americium-24 1 I S3E-07 0.83 8 250 25 0.85 3.538+04 3.858-08 2.08E-10 
Plutoniurn-239t’240 3.458-07 0.83 8 250 25 0.85 3.53E+04 2.788-08 3.388-10 

Total Radionuclide Cancer Risk 5.46E-IO 

Total Cancer Risk 5.468-30 

(AOC2INDW.XLS I N H P ) ( B / I Y 9 5 4 ~  PM) Sheet 2 of 2 



CURRENT WORKER 
AREA OF CONCERN NO. 2 

CT - External Irradiation 

IF = TF x GSF x EF x ED 
CR = C  x I F x  SF 

C TF GSF EF ED IF SF CR 
Soil Gamma Time Gamma Exposure Intake Slope 

Concentration Factor Shielding Factor Percent of year Duration Factor Factor Cancer 
Radionuclide (Pcdg, (TJ ( 1 -SJ Exposed (years) (years) (VpCi-ydg) Risk 
Americium-241 1.24 0.3 0.5 0.6 4 3.60E-01 4.598-09 2.OSE-09 
PIutoniurn-239L?40 2.78 0.3 0.5 0.6 4 3.60E-01 1.37E-ll 1.37E-11 

Total Cancer Risk 2.068-09 

RME - External lrradiation 

IF= TF x GSFx EF x ED 
CR = C x IFx SF 

C TF GSF EF ED IF SF CR 
Soil Gamma Time Gamma Exposure Intake Slope 

Factor Cancer Concentrarion Factor Shielding Factor Percent of year Duration Factor 
Radionuclide (PCW (TJ ( 1 4 )  Exposed (years) (years) (I/pCi-yr/g) Risk 
Americium-24 1 1.24 0.3 0.8 0.7 25 4 . 2 0 E m  4.598-09 2.398-08 
Plutonium-239L?40 2.18 0.3 0.8 0.7 25 4.20E+00 1.37E-11 1.60E-IO 

Total Cancer Risk 2.41E-08 
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SUMMARY OF RISK 
F'UTLJRE ECOLOGICAL WORKER 

AREA OF CONCERN NO. 2 - 
Pathway Hazard Index Cancer Risk Hazard Index Cancer Risk 

Ingestion of surface. soil 
Inhalation of particulates from surface soil 
Dermal contact with surface soil * 

6.34E-03 2.21 E-08 
1.28E-11 2.828-1 1 

1.78E-03 6.20E-09 

External Irradiation 6.88E-10 8.598-1 0 
Total 1.78E-03 6.90E-09 6.34E-03 2.308-08 

* Dermal absorption of metals and radionuclides is considered insignificant. 
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FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 2 

CT - Soil ingestion 

I Noncarcinogens 
IF = t l R  I El)  I FC I FE x ME I W ( B W  x AT) 

HQ = (C I IFWRlD 

C IR ED FC EF ME CF BW AT IF RfD HQ 
Soil Ingestion Exposure Exposure Conversion Body Averaging Intake Reference 

Concentration Rate Duration Fraction Frequency Matrix Factor Weight Time Factor Dose Hazard 
Chemical (mgntg) (mdday) (years) Contaminated (daydyr) Effect (kglmg) (kg) (days) (kg/lrg-day) (mglkg-day) Quotient 
Anhmony 16.49 33 2.5 0.9 65 0.5 0.000001 70 915 3.77848 4.00E-04 1.55E-03 
Silver 2.31 33 2.5 0.9 65 0.5 0.000001 70 915 3.778-08 5.00E-03 1.74845 
Vanadium 36.13 33 2.5 0.9 65 0.5 0.000001 70 915 3.778-08 7.00E-03 1.948-04 
Zinc 80.46 33 2.5 0.9 65 0.5 0.000001 70 915 3.778-08 3.00E-01 1 .OlE-05 

Total Hazard Index 1.788-03 

Radionuclides 
IF=IR x ED x FC x E F x  MEx CF 

CR = C  x IFx SF 

C IR ED FC EF ME CF IF SF CR 

Soil Ingestion Exposure Exporn Conversion Intake Slope 
Concentration Rate Duration Fraction Frequency Mauix Factor Factor Factor Cancer 

Radionuclide (PCW (m&W (years) Contaminated (daydyr) Effect Wmg) (9) (RisWpCi) Risk 
Americium'-24 I I .24 33 2.5 . 0.9 65 1 0.001 4.83Em 3.288-10 1.968-09 
PIUl011b11l-239/240 2.78 33 2.5 0.9 65 I 0.001 4 .83Em 3.168-10 4.248-09 

Total Radionuclide Cancer Risk 6.208-09 

(AOCZWO.XI 'l-ingXBll495 9 4 3  PM) c 
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FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 2 

RME - soil ingestion 

Noncarcinogens 
IF =(IR x ED x FC x EFx ME x CF)/(BW x AT) 

HQ = (C x IF)/RfD 

C IR ED FC EF ME CF BW AT IF IUD HQ 
Soil Ingestion Exposure Exposure Conversion Body Averaging Intake Reference 

Concentration Rate Duration Fraction Frequency Matrix Factor Weight r i  Factor Dose Hazard 
chemical (mglkg) (mg/day) (years) Contaminated (days/yr) Effea (Wmg) (kg) (days) (kgntg-day) (mglkg-day) Quotient 
Antimony 16.49 106 2.5 1 65 0.5 0.000001 70 915 1.348-07 4.00E-04 5.54E-03 
Silver 2.31 106 2.5 I 65 0.5 0.000001 70 915 1.34E-07 5.00E-03 6.218-05 
Vanadium 36.13 106 2.5 1 65 0.5 0.000001 70 915 1348-07 7.00E-03 6.94E-04 
Zinc 80.46 106 2.5 I 65 0.5 0.000001 70 915 1.348-07 3.00E-01 3.61E-05 

Total Hazard Index 6.348-03 

Radionuclides 
IF =IR x ED x FC x EF x ME x CF 

CR = C x IF x SF 

C IR ED FC EF ME CF IF SF CR 

Soil Ingestion Exposure Exposure Conversion Intake Slope 
Concentration Rate Duration Fraction Frequency Matrix Factor Factor Factor Cancer 

Radionuclide (pCW (mdday) (years) Contaminted (days/yr) E M  Wmg) (€9 ( W p C i )  Risk 
Americium-24 I I .24 106 2.5 1 65 I 0.001 1.72E+01 3.288-10 7.01E-09 
Plutonium-239/240 2.78 106 2.5 1 65 I 0.001 1.72E41 3.16E-10 1.51E-08 

Total Radionuclide Cancer Risk 2.21848 

To& Cancer Risk 2.218-08 
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IF= IR x ETx EFx EDx DF 
CR = IFx C X  SF 

CT - Inhalation of particulates 

Radionuclides 

FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 2 

C IR ET EF ED DF IF SF CR 
Air Inhalation Exposure Exposure Exposure Respiratory Intake Slope 

Concentration Rate Time Frequency Duration Deposition Factor Factor Cancer 
Radionuclides (p~drn’) ( m ’ ~  (hr/day) (daydyr) (Years) Factor (m’) (RisWpCi) Risk 
Americium-241 1 S3E-07 0.83 7.2 65 2.5 0.85 * 8.258+02 3.858-08 4.868-12 
Plutonium-239L240 3.45E-07 0.83 1.2 65 2.5 0.85 8.258+02 2.78E-08 7.928-12 

Total Radionuclide Cancer Risk 1.28E-I 1 

Total Cancer Risk I .28E-1 I 
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FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 2 

RME - Inhalation of particulates 

Radionuclides 
IF= IR x ETx EFx ED x DF 

CR= IFx C x SF 

C IR ET EF ’ ED DF IF SF CR 
Air Inhalation Exposure Exposure Exposure Respiratory Intake Slope 

Concentration Rate Time Frequency Duration Deposition Factor Factor Cancer 
Radionuclides (Kdm’) (m’h) (hr/day) ( W W )  (y-1 Factor (m’) (RisWpCi) Risk 

Plutonium-239/240 3.45E-07 I .4 8 65 2.5 0.85 I .82E+03 2.788-08 1.75E-11 
2.828-1 1 

Americium-241 I S3E-07 I .4 8 65 . 2.5 0.85 1.828+03 3.85E-08 I .07E-11 

Total Radionuclide Cancer Risk 

Total Cancer Risk 2.82E- I 1 
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FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 2 

CT - External Irradiation 

IF =TF x GSF x EF x ED 
CR = C  x IF x SF 

C TF GSF Fs ED IF SF CR 
Soil G a m m a T m ,  Gamma Exposure Intake Slope 

Concentration Factor ShieldingFactor Percentofyear Duration Factor Factor Cancer 
Radionuclide (pCi/g) (T3 ( 1 -s3 Exposed (years) (years) (I/pCi-yr/g) Risk 
Americium-241 I .24 0.3 0.8, 0.2 2.5 1.20E-01 4.59E-09 6.838-10 
Plutonium-239R40 2.78 0.3 0.8 0.2 2.5 1.2OE-01 1.37E-11 4.578-12 

Total Cancer Risk 6.888-10 

RME - External Irradiation 

IF= TFx GSF.x EFx ED 
CR = C  x I F x  SF 

C TF GSF EF ED lF SF CR 
Soil GammaTm GaINM Percentofyear Exposure Intake Slope , Cancer 

Concentration Factor . ShieldingFactor Exposed Duration Factor Factor Risk 
Radionuclide (PCW (T,) (I-Sd (years) (years) (I/pCi-yr/g) 
Americium-241 1.24 0.3 I 0.2 2.5 1.50E-01 4.598-09 8.548-IO 
Plutonium-239R40 2.78 0.3 I 0.2 2.5 1.50E-01 1.37E-ll 5.718-12 

Total Cancer Risk 8.59E-10 
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SUMMARY OF RISK 
OPEN SPACE RECREATIONAL USE 

AREA OF CONCERN NO. 2 - 
Pathway Hazard Index Cancer Risk Hazard Index Cancer Risk 

Ingestion of surface soil by a child 
Ingestion of surface soil by an adult 
Carcinogenic effects of ingestion of surface soil 
Inhalation of particulates from surface soil 
Dermal contact with surface soil* 

2.15E-03 1.08E-02 
2.31E-04 1.15E-03 

3.53E-09 5.788-08 
1.47E- I2 6.91E-11 

External irradiation 1.24E- 10 2.418-09 
Total 2.3 8E-03 3.66E-09 1.19E-02 6.03E-08 

* Dermal absorption of metals and radionuclides is considered insignificant 

i 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 2 

CT - Soil ingestion 

Noncarcinogens - Child 
IF =(IR-C x ED-C x EF x ME x CF)/(BW-C x AT-C) 

HQ = (C x IF)/RtD 

C IR-C ED€ EF ME CF BW-C AT-C IF RfD HQ 
Soil Ingestion Exposure Exposure Conversion BdY Averaging Intake Reference 

Concentration Rate Duration Frequency Matrix Factor Weight Time Factor Dose Hazard 
Chemical (mg/kg) (mglvisit) (years) (visitdyr) Effect W m g )  0%) (days) (kglkg-day) (mglkg-day) Quotient 
Antimony I6 49 50 2 10 0.5 0.000001 IS 730 4.57E-08 4.00E-04 1.888-03 
Silver 2.3 I so 2 IO 0.5 0.000001 15 730 4.578-08 5.00E-03 2.1 1E-05 
Vanadium 36.13 50 2 LO 0.5 0.000001 15 7 30 4.57E-08 7.00E-03 2.368-04 

4.578-08 3.00E-01 1.22E-05 zinc 80.46 50 2 10 0.5 I5 730 0.000001 
Total Hazard Index -Child 2.15E-03 

Noncarcinogens - Adult 
IF =(IR-A x ED-A x EF x ME x CF)/(BW-A x AT-A) 

HQ = (C x IFyRtD 

C IR-A ED-A EF ME CF BW-A AT-A IF RfD HQ 
Soil Ingestion Exposure Exposure + Conversion Body Averaging Intake Reference 

Concentration Rate Duration Frequency Matrix Factor Weight Time Factor Dose Hazard 
chemical (mglkg) (m%visit) (years) (visitdyr) Effect ( W m g )  0%) (days) (kglkg-day) (mklkg-day) Quotient 
Antimony 16.49 25 7 10 0.5 0,000001 . 70 2555 4.898-09 4.00E-04 2.028-04 
Silver 2.31 25 7 10 0.5 0.000001 70 2555 4.898-09 5.00E-03 2.26846 
Vanadium 36.13 2s 7 10 0.5 0.000001 70 2555 4.898-09 7.008-03 2.538-05 
Zinc 80.46 25 7 IO 0.5 70 2555 4.89E-09 3.00E-01 1.31E-06 0.000001 

2.31E-04 Total Hazard Index - Adult 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 2 

CT - Time-weighted average soil ingestion 

Radionuclides 
IF =[(lR-C x ED-C) + (IR-A x ED-A)] x EF x ME x CF 

CR = C  x I F x  SF 

C IRC ED-C IR-A ED-A ME CF EF IF SF CR 
Child Adult 

Soil Ingestion Exposure Ingestion Exposure Conversion Exposure Intake Slope 
Concentration Rate Duration Rate Duration Matrix Factor Frequency Factor Factor Cancer 

Chemical (PCW (mdvisit) (years) (mplvisit) (Years) Effect Wme) (visits/yr) (g) (RisklpCi) Risk 
Americi~m-241 I .24 50 2 25 7 1 0.001 10 2.75E+00 3.28E-10 1.12E-09 
Plutonium-239/240 2.78 50 2 25 7 1 0.001 . IO 2.758+00 3.168-10 2.42E-09 

Total Radionuclide Cancer Risk 3.53E-09 

Total Cancer Risk 3.538-09 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 2 

RME - Soil ingestion 

Noncarcinogens - Child 
IF =(IR-C x ED-C x EF x ME x CF)/(BW-C x AT-C) 

HQ = (C x 1F)RtD 

C IR-C ED€ EF ME CF BW-C AT€ IF RfD HQ 
Soil Ingestion Exposure m-)om Conversion Body Averaging Intake Reference 

Concentration Rate Duration Frequency MilQiX Factor Weight Time Factor Dose Hazard 
Chemical (mgntg) (mdvisit) (years) (visitslyr) Effea (kdmg) 0%) (days) W g - d a y )  (--day) Quotient 
Antimony 16.49 100 6 25 0.5 0.000001 I5 2190 2.288-07 4.00844 9.41843 
Silver 2.31 100 6 25 0.5 0.000001 I5 2190 2.288-07 5.00E-03 I . O S 8 4 4  
Vanadium 36.13 100 6 25 0.5 0.000001 15 2190 2.288-07 7.00E-03 1.18E-03 
Zinc 80.46 100 6 25 0.5 0.000001 15 2190 2.28847 3.00E-01 6.128-05 

Total Hazard Index - Child 1 .O8E-02 

Noncarcinogens - Adult 
IF =(IR-A x ED-A x EF x ME x CF)/(BW-A x AT-A) 

HQ = (C x IF)IRfD 

C IR-A ED-A EF ME CF BW-A AT-A IF IUD HQ 
Soil Ingestion Exposure Expo- Conversion . Body Averaging Intake Refemce 

Concentration Rate Duration Frequency Matrix Factor weight Time Factor Dose Hazard 
Chemical (mglkg) (mdvisit) (years) (visitslyr) Effect (kg/mg) h) (days) otglkg-day) (mglkg-day) Quotient 
Antimony 16.49 50 24 25 0.5 0.000001 70 8760 2.45E-08 4.00E-04 I .01E-03 
Silver 2.31 50 24 25 0.5 0.000001 ~ 70 8760 2.458-08 5.00E-03 1.13E-05 
Vanadium 36.13 50 24 25 0.5 0.000001 70 8760 2.458-08 7.00E-03 1.268-04 
zinc 80.46 50 24 25 0.5 0.000001 70 8760 2.45E-08 3.00E-01 . 6.568-06 

1.15E-03 Total Hazard Index - Adult 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 2 

RME - Ti-weighted average soil ingestion 

Radionuclides 
IF =[(IR-C x ED-C) + (IR-A x ED-A)] x EF X ME x CF 

CR = C x IF x SF 

C IRK ED€ IR-A ELLA ME CF EF IF SF CR 
r h i l A  A A d t  -.-- * ."_. 

Soil Ingestion Exposure Ingestion Exposure Conversion Exposure Intake Slope 
Concentration Rate Duration Rate Duration Matrix Factor Frequency Factor Factor Cancer 

Chemical (PCW (mplvisit) (years) (mplvisit) (Years) Effed Wmg) (visitsly) (9) (Risk/pCi) Risk 
Americi~m-241 I .24 100 6 50 24 1 0.001 25 4 .50E41 3.288-10 1.83E-08 
PIutonium-239/240 2.18 I 0 0  6 50 24 1 0.001 25 4.50E+01 3.l6E-10 3.95E-08 

Total Radionuclide Cancer Risk 5.78E-08 

Total Cancer Risk 5.78E-08 



CT Inhalation of paniculates 

Radionuclides 

I 

OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 2 

IF = IR x ET x EF x ED x DF 
CR = IFx C X  SF 

C IR ET EF ED DF IF SF CR 

Air Inhalation Exposure Exposure Exposure Respiratory Intake Slope 
Concentration Rate Time Frequency Dumtion Deposition Factor Factor CiMCer 

Radionuclides (p~i/m’) ( m ’ ~  (hrhisit) (visitdyr) (years) Factor (m’) (RisWpCi) Risk 
1.538-07 0.83 1.5 10 9 0.85 9.52E+O 1 3.858-08 5.61E- 13 Americium-24 1 

Plutonium-239/240 3.458-07 0.83 1.5 10 9 0.85 9.52841 2.788-08 9.138-13 
Total Radionuclide Cancer Risk 1.47E- 12 

Total Cancer Risk 1.478-12 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 2 

RME Inhalation of particulates 

Radionuclides 
IF = IR x ET I EFx EDx DF 

CR = IFx C x  SF 

C IR ET EF ED DF IF SF CR 
Air Inhalation Exposure Exposure Exposure Respiratory Intake Slope 

Concentration Rate Time Frequency Duration Deposition Factor Factor Cancer 
Radionuclides (pc~/m’) (m’/hr) (hdvisit) (visitdyr) (years) Factor (m’) (RisWpCi) Risk 
Americium-241 1 S3E-07 1.4 5 25 30 0.85 4.468+03 3.858-08 2.63E-11 
Plutonium-239/240 3.458-07 1.4 5 25 30 0.85 4.46E+03 2.78E-08 4.28E-11 

Total Radionuclide Cancer Risk 6.9 IE- I I 

Total Cancer Risk 6.9 IE- 1 1 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 2 

CT - External Irradiation 

IF = TF x GSF x EF x ED 
CR = C  x IF x SF 

C TF GSF EF ED IF SF CR 

Soil GammaTime Gamma Exposure Intake Slope 
Concentration Factor Shielding Factor Percent of year Dumtion Factor Factor cancer 

Radionuclide (pcdg) (Te) ( 1 -Se) Exposed (years) (years) (IlpCi-yrlg) Risk 
Americium-241 1.24 0.1 0.8 0.03 9 2.16E-02 4.598-09 1.23E-10 
Plutonium-239l240 2.78 0.1 0.8 0.03 9 2.168-02 1.37E-11 8.238-13 

Total Cancer Risk 1.24E-10 

RhlE - External Irradiation 

IF= TF x GSF x EF x ED 
CR = C  x t F x  SF 

C TF GSF EF ED IF SF CR 

Soil GammaTm Gamma Exposure Intake Slope 
Concentration Factor Shielding Factor Percent of year Duration Factor Factor Cancer 

Radionuclide (pCW (Te) ( 1 -w Exposed (years) (years) (l/pCi-ydg) Risk 
Americium-241 I .24 0.2 1 0.07 30 4.20E-01 4.59E-09 2.398-09 
Plutonium-239f240 2.78 0.2 1 0.07 30 4.20E-01 1.37E-1 I 1.60E-1 I 

Total Cancer Risk 2.418-09 

S k l  I of I 



SUMMARY OF RISK 
FUTURE CONSTRUCTION WORKER 

AREA OF CONCERN NO. 2 - 
Pathway Hazard Index Cancer Risk Hazard Index Cancer Risk 

Ingestion of subsurface soil 
Inhalation of particulates from surface and subsurface soil 
Dermal contact with subsurface soil* 

1 .1  SE-04 1.898-09 6.438-04 1 ME-08 
1.16E-07 3.62E- 12 1.45E-07 4.51E-12 

External Irradiation 8.02E- 10 ' I.OOE-09 
Total 1.15E-04 2.698-09 6.43E-04 1.16E-08 

'Dermal absorption of metals and radionuclides is considered insignificant. 

(AOC2CONS.XLS SUMMARY)(8/14/95 4 2 9  PM) Sheet I of I 



FUTURE CONSTRUCTION WORKER 
AREA OF CONCERN NO. 2 

CT - Subsurface soil ingestion 

Noncarcinogens 

C IR ED FC EF ME CF BW AT IF IUD HQ 
Soil Ingestion Exposure Exposure Conversion Body Averaging Intake Reference 

Concentration Rate Duration Fraction Frequency Matrix Factor Weight Time Factor Dose Hazard 

(AOCXONS. On-ING)(B113/95 407 PM) 

1c) 
Sheel I of 4 



FUTURE CONSTRUCTION WORKER 
AREA OF CONCERN NO. 2 

CT - Subsurface soil ingestion 

Nonradionuclide Carcinogens 
IF =(IR x ED x FC x EF x ME x CF)/(BW x AT) 

CR = C  x IFx SF 

C IR ED FC EF ME CF BW AT IF SF CR 
Soil lngestion Exposure Exposure Conversion Body Averaging Intake Slope 

Concentration Rate Duration Fraction Frequency Matrix Factor Weight Time Factor Factor Cancer 
Chemical (Wb%) (IngldaY) o'ears) Contaminated (daydyr) Effect (kglmg) (kg) (days) (kgkg-day) I/(mgkg-day) Risk 
Barium 159.7 95 1 0.9 30 0.5 0.000001 70 25550 7.17E-10 
Benm(a)pyrene 0.13 95 I 0.9 30 1 0.000001 10 25550 1.43849 7 .30Em 1.368-09 
Benzo(b)fluoranthene 0.17 95 1 0.9 30 1 0.000001 70 25550 1.438-09 7.30E-01 1.78E-10 

Total Chemical Cancer Risk 1.548-09 

Radionuclides 
IF=lR x ED x FCx EFx MEx CF 

CR = C x IF x SF 

C IR ED FC EF ME CF IF SF CR 
Soil lngestion Exposure Exposure Conversion Intake Slope 

Concentration Rate Duration Fraction Frequency Matrix Factor , Factor Factor Cancer 
Radionuclide . (@ug)) (n'Ig/day) (years) Contaminated (daydyr) Effect (g/mg) (kgkg-day) l/(mg/kgday) Risk 
Americium-24 1 0.025 95 1 0.9 30 1 0.001 2.578+00 3.288-10 2.10E-11 
Plutonium-239/240 0.138 95 1 0.9 30 1 0.001 2.57Em 3.16E-10 1.12E-10 
Uranium-233/234 0.785 95 I 0.9 30 1 0.001 2.578+00 4.448-1 1 8.948-1 1 
Uranium-238 0.793 95 1 0.9 30 1 0.001 2.57E+OO 6.20E-11 1.26E- 10 

Total Radionuclide Cancer Risk 3.488-10 

(AC€XONS.XLF SOIL-MG)(8/1395 407 PM) 



FUTURE CONSTRUCTION WORKER 
AREA OF CONCERN NO. 2 

RME - Subsurface soil ingestion 

Noncarcinogens 
IF=(IR x EDx FC x EFx MEx W ( B W  x AT) 

HQ = (C x IF)/RfD 

FC EF ME CF BW AT IF RfD HQ C IR ED 
Soil Ingestion Exposure Exposure Conversion Body Averaging Intake Reference 

Concentration Rate Duration Fraction Frequency Matrix Factor Weight Time Factor Dose Hamd 
Chemical (mpnig) (mg/day) (years) Contaminated (daydyr) Effect (kg/mg) (kg) (days) (kpnigday) (mpnig-day) Quotient 

Total Hazard Index 6.43844 
Barium 159.7 480 I I 30 0.5 0.000001 70 365 2.828-07 7.00E-02 6.43844 

ShCCC 3 Of 4 
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FUTURE CONSTRUCTION'WORKER 
AREA OF CONCERN NO. 2 

RME - Subsurface soil ingestion 

Nonradionuclide Carcinogens 
IF=(IR x ED x FC x EFx ME x CF)/(BW x AT) 

CR = C x IF x SF 

C IR ED FC EF ME CF BW AT IF SF CR 
Soil Ingestion Exposure. Exposure Conversion Body Averaging Intake Slope 

Concentration Rate Duration Fraction Frequency Mauix Factor Weight Time Factor Factor Cancer 
Chemical (V$g) (mglday) (yean) Contaminated (daydyr) Effect (kg/mg) 0%) (days) (kglkg-day) Il(mgkgday) Risk 
Benzo(a)pyrene 0.13 480 I 1 30 I 0.000001 70 25550 8.058-09 7.30E+00 7.648-09 

70 25550 8.OSE-09 7.3OE-01 9.998-10 Benzo(b)fluoranthene 0.17 480 I I 30 I o . m o 1  
Total Chemical Cancer Risk 8.6448-09 

Radionuclides 
IF=IR x EDx FC x EFx MEx CF 

CR = C  x I F x  SF 

C IR ED FC EF ME CF IF SF CR 
Soil Ingestion Exposure Exposure Conversion Intake Slope 

Concentration Rate Duration Fraction Frequency Matrix Factor Factor Factor Cancer 
Radionuclide (rnglkg) (mg/day) (yeas) Contaminated (daydyr) Effect (glmg) (kgkgday) Il(mglkgday) Risk 
Americium-241 0.025 480 I 1 30 1 0.001 1.44E+01 3.288-10 1.18E-10 
Plutonium-239/240 0.138 480 1 1 30 1 0.001 1.44E+01 3.16E-10 6.288-10 
Uranium-233/234 0.785 480 I I 30 I 0.001 1.44E41 4.44E-11 5.02E-10 
Uranium-238 0.793 480 I 1 30 1 0.001 1.44E+01 6.20E-ll 7.08E-10 

Total Radionuclide Cancer Risk I .968-09 

Total Cancer Risk 1.06E-08 

(ACCZCONSXLS SOILJNG)(B113/95 407 PM) 



F’UTURE CONSTRUCTION WORKER 
AREA OF CONCERN NO. 2 

CT - Inhalation of paniculates from surface and subsurface soil 

Noncarcinogens 
IF = OR x ET x EF x ED x DR/(BW x AT) 

HQ = (IF x CyRfD 

C IR ET EF ED DF BW AT IF RtD HQ 
Air Inhalation Exposure Exposure Exposure BdY Averaging Intake Refmce 

Concentration Rate Time Frequency Duration Deposition Weight Time FaaOr Dose Hazard 
Chemical (mglm’) *(m’/hr) WdaY) (daydyr) (Years) Factor (kg) (days) (m’kg-day) (--day) Quotient 
BariWll 1.81E-09 1.25 7.2 30 I 0.85 10 365 8.988-03 1.40E-04 1.16EM 

Total Hazard Index I . l6EM 

Radionuclides 
IF= IR x ETx EFx ED x DF 

CR = IFx C x SF 

C IR ET EF ED DF IF SF CR 
Air Inhalation Exposure wo- h p o m  Intake Slope 

Concentration Rate Time Frequency Duration Deposition Factor Factor Cancer 
Radionuclides (p~i/m’) (m’/hr) W h y )  (days&) (Y-) Factor (m’) (RisWpCi) Risk 
Americi~m-241 I S4E-07 I .25 1.2 30 I 0.85 .2.308+02 3.858-08 I .36E-12 
Plutonium-239C!40 3.468-07 1.25 7.2 30 I 0.85 2.308+02 2.18848 2.218-12 

1.40E-08 2.868-14 
Uranium-238 8.96E-09 1.25 1.2 30 I 0.85 2.308+02 1.24848 2.55E-14 

2.30842 Uranium-233/234 8.9 1E-09 1.25 7.2 30 I 0.85 

Total Radionuclide Cancer Risk 3.62E-12 

Total Cancer Risk 3.628-12 

(AOCLCONS. HP)(B114/9S 9 4 5  PM) e S k l  I of 2 



FUTURE CONSTRUCTION WORKER 
AREA OF CONCERN NO. 2 

RME - Inhalation of particulates from surface and subsurface soil 

Noncarcinogens 
IF = (IR x ET x EF x ED x Dn/(BW x AT) 

HQ = (IF x C)/RfD 

C IR ET EF ED DF BW AT IF RfD HQ 
Air Inhalation Exposure Exposure Exposure BOdY Averaging Intake Reference 

Concentration Rate Time Frequency Duration Deposition Weight Time Factor Dose Hazard 
Chemical (mg/m’) ( m ’ ~  (hr/daY) (daydyr) (Years) Factor (kg) (days) (m3/kg-day) (--day) Quotient 

Total Hazard Index 1.458-07 
BariUm 1.81E-09 1.4 8 30 1 0.85 70 365 1.12E-02 1.40E-04 1.458-07 

Radionuclides 
IF= IR x ET x EFx ED x DF 

CR =IF x C x SF 

C IR ET EF ED DF IF SF CR 

Air Inhalation Exposure Expo- Exporn Intake Slope 
Concentration Rate Time Frequency Duration Deposition Factor Factor Cancer 

Radionuclides ( p ~ d )  (m’h) (days/yr) (Years) Factor (m’) (RisWpCi) Risk 
Americium-24 I I S4E-07 1.4 8 30 1 0.85 2.86E+M 3.85E-08 1.69E-12 
Plutonium-239R40 3.46E-07 I .4 8 30 I 0.85 2.86E42 2.78E-08 2.758-32 
Uranium-233R34 8.9 1 E-09 1.4 8 30 1 0.85 2.86842 I .40E-08 3.568-14 
Uranium-238 8.968-09 I .4 8 30 1 0.85 2.86842 1.248-08 3.178-14 

Total Radionuclide Cancer Risk 4.5 LE- I2 

Total Cancer Risk 4.51E-12 

(AOC2CONS.XL.S MHPXWIW 9 4 5  PM) 
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FVTURE CONSTRUCTION WORKER 
AREA OF CONCERN NO. 2 

CT - External lmdiation 

IF= TFx GSF x EF x ED 
CR = C  x IF x SF 

C TF GSF EF ED IF SF CR 
Soil Gamma Time GallUM Exposure Intake Slope 

Concentration Factor Shielding Factor Percent of year Duration Factor Factor Cancer 
Radionuclide (PCW (Te) ( 1 -w Exposed (years) (years) (VpCi-yrlp) Risk 
Americium-24 I 0.025 0.3 0.8 0.08 1 1.928-02 4.598-09 2.208-12 
Plutonium-239L!40 0.138 0.3 0.8 0.08 I 1.928-02 1.378-11 3.638-14 
Uranium-233R34 0.785 0.3 0.8 0.08 I 3.92842 2.14E-ll 3.238-13 
Uranium-238 0.793 0.3 0.8 0.08 1 1.928-02 5.25E-08 7.998-10 

Total Cancer Risk 8.028-10 

RME - External Miat ion 

IF= TF x GSF x EF x ED 
CR = C x IF x SF 

C TF GSF EF ED IF SF CR 

Soil Gamma Time GallUM Exposure Intake Slope 
Concentration Factor ShieldingFaaor Percentofyear Duration Factor Factor Cancer 

Radionuclide (PCW (Te) ( I -Se) Exposed (years) (years) (IlpCi-yrlg) Risk 
Americium-241 0.023 0.3 1 0.08 I 2.408-02 4.59E-09 2.538-12 
Plutonium-239/240 0.138 0.3 1 0.08 1 2.408-02 1.378-11 4.54E-I4 
Uraniurn-233l234 0.785 0.3 1 0.08 I 2.408-02 2.14E-ll 4.038-13 
Uranium-238 0.793 0.3 1 0.08 I 2.408-02 5.258-08 9.99E-I0 

Total Cancer Risk 1 .ME49 
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SUMMARY OF RISK 
FUTURE ECOLOGICAL WORKER 

AREA OF CONCERN NO. 3 - 
Pathway Hazard Index Cancer Risk Hazard Index Cancer Risk 

lngestion of pond sediment , 

Ingestion of saeam/dry sediment 
Inhalation of particulates from stream/dry sediment 
Dermal wntact with pond sediment 
Dermal wntact with stmuddry sediment* 

7.328-05 1.79E-09 8.71 E-04 2.138-08 
5 ,578-06 2.78E-10 6.638-05 3.308-09 

5.278- 13 9.038-13 
4.558-04 2.5 1 E-09 4.338-03 2.398-08 

2.738-1 1 Ingestion of surface water 5.60E-08 3.188-12 4.808-07 
Dermal contact with surface water 3.558-06 6.088-06 
External Irradiation from stream/dry sediment 1.67E-11 3.628-11 
Total 5.378-04 4.598-09 5.288-03 4.858-08 

'PAHs, metals and radionuclides are the only COCS in s t r e d d r y  sediment. Dermal absorption of metals and radionuclides is 
considered insignificant. EPA has stated that it is inappropriate to assess dermal absorption of PAHs using the oral slope factor. 
(EPA 1989a) 

(AOC3ECO.XLS SUMMARY)(B114/95B4.3 I PM) Sheet I of I 



F'UTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 3 

CT - Ingestion of pond sediment 

Noncarcinogens 
IF= (IR x FC x EF x ME x ED x CFy(BW x AT) 

HQ= (C x IF)/RfD 

C IR FC EF ME ED CF BW AT IF RfD HQ 

M i n t  lngestion &Po- Exposure Conversion Body Averaging Intake Ref- 
Concentration Rate Fraction Frequency Matrix Duriuion Factor Weight Time Factor Dose Hazard 

7 0.5 2.5 0.000001 70 915 9.848-10 2.00E-05 1.63E-OS Aroclor- I254 0.332 8 0.9 
Bis(2ethylhexyl)phthalate 2.637 8 0.9 7 I 
Silver 
Vanadium 42.2 8 0.9 7 

2.5 0.000001 70 915 1.978-09 2.00E-02 2.59E-M 
1.65 8 0.9 7 0.5 2.5 0.000001 70 915 9.848-10 5.008-03 3.258-07 

0.5 2.5 0.000001 70 915 9.848-10 7.00E-03 5.938-06 
Total Hazard Index 7.328-05 
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FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 3 

(JT - Ingestion of pond sediment 

Nonradionuclide carcinogens 
IF = t l R  x FC t FF I ME x ED x CFV(BW X AT) 

CR = C I IF a SF 

FC EF ME ED CF BW AT IF SF CR C IR 

Sediment Ingestion Exposure Exposure Conversion Body Averaging Intake Slope 
Factor Factor Cancer Concentration Rate Fraction Frequency Matrix Duration Factor Weight Time 

Benzo(a)pyrene 0.274 8 0.9 7 1 2.5 0.000001 70 25550 7.05E-I 1 7.30E+00 1.41E-10 
Benzo(b)fluoranthene 0.319 8 0.9 7 1 2.5 0.000001 70 25550 7.05E-11 7.30E-01 1.64E-11 
Bis( 2-ethyhexyl)phthalate 2.637 8 0.9 7 I 2.5 0.000001 70 25550 7.05E-11 1.4OE-02 2.60E-12 

Total Chemical Cancer Risk 2.50E-10 

Radionuclides 
IF= IR x FCx EFx MEx ED x CF 

CR = C x IFx SF 

' C  IR FC EF ME ED CF IF SF CR 
Sediment Ingestion EXPO- Exposure Conversion intake Slope 

Concentration Rate Fraction Frequency Matrix Duration Factor Factor Factor Cancer 
Radionuclide ($Up) (mdday) Contaminated (daydyr) Effect (years) Wmg) (g) (RisWpCi) Risk 
Americium-241 9.28 8 0.9 - 7 1 2.5 0.001 1.26E-01 3.28E-10 3.84E-10 
Plutonium-239/240 28.93 8 0.9 7 1 2.5 0.001 1.26E-01 3.16E-10 1.15E-09 

Total Radionuclide Cancer Risk 1.548-09 

(AOC3ECO.XLS PSED-NG)(E/I4/95 7 5 8  PM) 
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RME - Ingestion of pond sediment 

Noncarcinogens 

FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 3 

IF= (1R x FC x EFx M E x  EDx W ( B W  x AT) 
HQ = (C x IF)/RfD 

ME ED CF BW AT IF IUD HQ C IR FC EF 

Exposure Exposure Conversion Body Averaging Intake Reference Sediment Ingestion 
Factor Dose Hazard Concenuation Rate Fraaion Frequency Mauix Duration Factor Weight Time 

(m&) bglday) Gmtaminated (daydyr) Effea (years) (kg/mg) (kg) (days) (kgflrg-day) (--day) Quotient chemical, 
Antimony 20.46 50 I 12 0.5 2.5 0.000001 70 915 1.17E-08 4.00E-04 5.99E-04 ~. 

Aroclor- 1 254 0.332 50 1 12 0.5 2.5 0.000001 70 915 I .  l7E-08 2.00E-05 1.948-04 
Bis(2ethylhexyl)phthalate 2.637 50 1 12 I 2.5 0.000001 70 915 2.348-08 2.00E-02 3.098-06 
Silver 1.65 50 1 12 0.5 2.5 0.000001 70 915 1.l7E-08 5.00E-03 3.86E-06 

42.2 50 I 12 0.5 2.5 0.000001 70 915 1.17E-08 7.00E-03 7.068-05 
Total Hazard Index 8.71E-04 

Vanadium 



RME - Ingestion of pond sediment 

Nontadionuclide carcinogens 

FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 3 

IF = (IR x FC x EF x ME x ED x CF)/(BW x AT) 
CR = C  x I F x  SF 

C IR FC EF ME ED CF BW AT IF SF CR 

Slope Sediment Ingestion Exposure Exposure Conversion Body Averaging Intake 
Concentration Rate Fraction Frequency Matrix Duration Factor Weight T i  Factor Factor Cancer 

Benzo(a)pyrene 0.274 50 1 12 1 2.5 0.000001 70 25550 8.398-10 7.30E+00 1.68E-09 
Benzd3)fluoranthene 0.319 50 1 12 I 2.5 0.000001 70 25550 8.398-10 7.30E-01 1.95E-10 
Bis(2ethylhexyl)phtate 2.631 50 I 12 1 2.5 0.000001 70 25550 8.398-10 1.40E-02 3.10E-ll 

Total Chemical Cancer Risk 2.988-09 

Radionuclides 
IF= IR x FC x E F x  ME x ED x CF 

CR = C  x IF x SF 

C IR FC EF ME ED CF IF SF CR 
Sediment Ingestion Exposure Exposure Conversion Intake Slope 

Concentmion Rate Fraction Frequency Matrix Duration Factor Factor Factor Cancer 
Radionuclide (PcW (mglday) Contaminated (daydyr) Effect (years) Wmg) (g) (RiWpCi) Risk 
Americium-241 9.28 50 1 12 I 2.5 0.001 1.50E+00 3.288-10 457E-09 
Plutonium-239R40 28.93 50 1 12 1 2.5 0001 1.50E+00 3.16E-10 1.378-08 

Total Radionuclide Cancer Risk 1.838-08 

Total Cancer Risk 2.13E-08 



FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 3 

CT - Ingestion of s&dry sediment 

Noncarcinogens 
IF = 1IR I FC t EF I MEx E D x  CFy(BW x AT) 

110 = 1c x IRlRfD 

C IR FC EF ME ED CF BW AT IF RfD HQ 
W i t  Ingestion Exposure Exposure Conversion Body Averaging Intake Reference 

Concentration Rate Fraction Frequency Matrix Duration Factor Weight Time Factor Dose Hazard 
Chemical (mg/kg) (melday) Contaminated (dayslyr) Effea (years) (kg/mg) erg) (days) (Wkg-day) (mglLg-day) Quotient 
cobalt 10.98 8 0.9 7 1 2.5 0.000001 70 915 1.97849 6.00E-02 3.60E-07 
Strontium 69.7 8 0.9 7 1 2.5 0.000001 70 915 1.97E-09 6.00E-01 2.298-07 
Vanadium 3 1.24 8 0.9 7 0.5 2.5 0.000001 . 70 915 9.84E-10 7.00E-03 4.398-06 
Zinc 180.58 8 0.9 7 0.5 2.5 0.000001 70 915 9.848-10 3.00E-01 5.928-07 

Total Hazard Index 5.57E-06 



FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 3 

CT - Ingestion of streamldry sediment 

Nodionuclide carcinogens 
IF= (IR x FC x EFx ME x ED x CF)/(BW x AT) 

CR = C x IF x SF 

C IR FC EF ME ED CF BW AT IF SF CR 

Slope Sediment Ingestion Exposure Exposure Conversion Body Averaging Intake 
Concentration Rate Fraction Frequency Matrix Duration Factor Weight Time Factor Factor Cancer 

Chemical (mgntg) (mdday) Contaminated (daydyr) Effect (years) (kg/mg) (kg) (days) (kglLg-day) I/(mg/kg-day) Risk 
Benz.o(a)anthracene 0.19 8 0.9 7 1 2.5 0.000001 70 25550 7.05E-I1 7.30E-01 9.778-12 
Benzo(a)pyrene 0.26 a 0.9 7 1 2.5 0.000001 70 25550 7.OSE-11 7.30E+00 1.34E-10 
Benzo(b)fluoranthene 0.297 8 0.9 I 1 2.5 0.000001 70 25550 7.05E-I I 7.30E-01 1.53E-ll 
Indeno( 1.2.3cd)pyrene 0.1 I 8 0.9 7 I 2.5. 0.000001 70 25550 7.05E-I I 7.30E-01 5.668-12 

Total Chemical Cancer Risk 1 .ME- 10 

Radionuclides 
IF= IR x FC x EF x ME x ED x CF 

CR = C x I F x  SF 

C IR FC EF ME ED CF IF SF CR 
Sediment Ingestion Expo= Exposure Conversion Intake Slope 

Concentration Rate Fraction Frequency Matrix Duration Factor Factor Factor Cancer 
Radionuclide (PcUg) (mdday) Contaminated (daWr) Effect (years) Wmg) (g) (RiWpCi) Risk 
Americium-241 0.31 1 8 0.9 7 I 2.5 0.001 1.26E-01 3.288-10 1.29E-11 
Plutonium-239l240 2.519 8 0.9 I I 2.5 0.001 1.26E-01 3.16E-10 1.00E-10 

Total Radionuclide Cancer Risk 1.13E- IO 

Total Cancer Risk 2.788-10 



F'UTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 3 

RME - Ingestion of streanddry sediment 

Noncarcinogens 
IF=(IR x FC x E F x  M E x  EDxCF)I(BW x AT) 

HQ=(CxlFyRfD 

C IR FC EF ME ED CF BW AT IF IUD HQ 
Sediment Ingestion Exposure Exposure Conversion Body Averaging Intake Referena 

Concentmtion Rate Fraction Frequency Matrix Duration Factor Weight Time Factor Dose Hazard 
Chemical (m@g) (mdday) Contaminated (daydyr) Effect (years) (kg/mg) (kg) (days) (kgkgday) ( m h - d a y )  Quotient 
cobalt 10.98 50 1 12 1 2.5 0.000001 70 915 2.34E-08 6.00E-02 4 . 2 9 8 4  
Strontium 69.7 50 1 12 1 2.5 0.000001 70 915 2.348-08 6.00E-01 2.728-06 
Vanadium 31.24 50 1 12 0.5 2.5 0.000001 70 915 I .17E-O8 7.00E-03 5.23845 
Zinc 180.58 50 1 12 0.5 2.5 0.000001 70 915 1.17E-08 3.00E-01 7.058-06 

Total H d  Index 6.638-05 

(AOC3U30.X U)-ING)(8/14/95 7 3 8  PM) 0 



FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 3 

RME - Ingestion of streaddry sediment 

Nodionuclide carcinogens 
IF= (IR x FC x EF x ME x ED x CF)/(BW x AT) 

CR = C  x IF x SF 

C IR FC EF ME ED CF BW AT IF SF CR 

Sediment Ingestion Expo- Exposlre Conversion Body Averaging Intake Slope 
Concentration Rate Fraction Frequency Matrix Duration Factor Weight Time Factor Factor Cancer 

Chemical (mgntg) (mdday) Contaminated (daydyr) Effect (years) (kglmg) (kg) (days) (kgkgday) I/(mg/kgday) Risk 
Benzo(a)anthracene 0.19 50 1 12 1 2.5 0.000001 70 25550 8.39E-10 7.30E-01 1.16E-10 
Benzo(a)pyrene 0.26 50 I 12 1 2.5 0.000001 70 25550 8.398-10 7.308+00 1.598-09 
Benzo(b)fluoranthene 0.297 50 1 12 I 2.5 0.000001 70 25550 8.398-10 7.30E-01 1.82E-10 
Indene( 1.2.3-cd)pyrene 0.1 1 50 1 12 I 2.5 0.000001 70 25550 8.398-10 7.30E-01 6.738-13 

Total Chemical Cancer Risk 1.968-09 

Radionuclides 
IF= IR x FC x EFx ME x ED x CF 

CR = C  x I F x  SF 

C IR FC EF ME ED CF IF SF CR 
sediment Ingestion Exposure Exposure Conversion. Intake Slope 

Concentration Rate Fraction Frequency Matrix Duration Factor Factor Factor Cancer 
Radionuclide (pCdg) (mdday) Contaminated (daydyr) Effect (years) Wmg) (g) (RisWpCi) Risk 
Americium-24 I 0.31 1 50 1 12 1 2.5 0.001 1.50E+00 3.288-10 1.53E-10 
Plutonium-239/240 2.519 50 I 12 I 2.5 0.001 1.50E+00 3.16E-10 1.19E-09 

Total Radionuclide Cancer Risk 1.358-09 

Total Cancer Risk 3.30E-09 
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FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 3 

CT - Inhalation of particulates from stream/dry sediment 

Radionuclides 
IF= (IR x EF x ED x CFx DF x RF)/T’EF 

CR = C  x IF x SF 

C IR EF ED DF RF CF PEF IF SF CR 
Sediment Inhalation Exposure Exposure Respiratory Conversion Pmiculate Intake Slope 

Concentration Rate Frequency Duration Deposition Respirable Factor Emission Factor Factor Factor Cancer 
Radionuclide (PCW (m’/day) (daydyr) (years) Factor Fraction (glkg) (m’kg) (g) (RisWpCi) Risk 
Amencum-241 0.3107 2 7 2.5 0.85 1 lo00 4.638+09 6.438-06 3.858-08 7.698-14 
PIutonium-239R40 2.519 2 7 2.5 0.85 1 lo00 4.638+09 6.438-06 2.788-08 4.50E-13 

Total Radionuclide Cancer Risk 5.27E- 13 

(AOC3ECO.X ED-lNHPXB/I3195 4 1 8  Phi) 

r )  

Total Cancer Risk 5.278-13 
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FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 3 

RME - Inhalation of particulates from s W d r y  sediment 

Radionuclides 
IF=(IR x EFx ED x CFx DFx RF)/PEF 

CR = C  x IF x SF 

C IR EF ED DF RF CF PEF IF SF CR 
Sediment Inhalation Exposure Exposure Respiratory Conversion Particulate Intake Slope 

Concentration Rate Frequency Duration Deposition Respirable Factor Emission Factor Factor Factor Cancer 
Radionuclide (pCi/g) (m3/day) (daydyr) (years) Factor Fraction (wk/kg) ( m ’ ~  (9) (RisWpCi) Risk 
Americium-241 0.3107 2 12 2.5 0.85 1 loo0 4.638+09 l.10E-05 3.85E-08 1.32E-13 
Plutonium-239/240 2.519 2 12 2.5 0.85 I lo00 4.638+09 l.lOE-05 2.78E-08 7.71E-13 

Total Radionuclide Cancer Risk 9.03E-13 

Total Cancer Risk 9.03E- 13 

(AOC3ECO.XLS SSEDJNHP)(S/I3195 4 1 8  PM) shcc12 of 2 
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FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 3 

CT - Dermal contact with pond sediment 

Noncarcinogens 
IF= (SA x FC x AD x AB x EFx EDx CF)/(BW x AT) 

HQ = (C x IF)/RfD 

C SA FC AD AB EF ED CF BW AT 
sediment skin Soil Exposure Exposure Conversion Body Averaging 

Concentration SurfaceArea Fraction Adherence Skin Frequency Duration Factor Weight Time 

Aroclor- 1254 0.332 9275 0.9 0.2 0.06 7 2.5 0.000001 70 915 
Bis(2ethylhexyl)phthalate 2.637 9275 0.9 0.2 0.01 7 2.5 0.000001 70 915 

Chemical (m,vkd (m’) Contaminated (mg/cm2) ~bsorption (days/yr) (years) (kglmg) (kg) (days) 

Intake Reference 
Factor Dose Hazard 

Chemical (kg/kg-day) (m&-day) Quotient 
Aroclor- I254 2.748-08 2.00E-05 4.548-04 
Bis(2ethylhexyl)phtate 4.568-09 2.00E-02 6.01E-07 

Total Hazard Index 4.558-04 
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F’UTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 3 

CT - Dermal contact with pond sediment 
Nonmdionuclide carcinogens 

IF=(SA x FC x AD x AB x EFx EDx CF)/(BW x AT) 
CR = C x IF x SF 

C SA FC AD AB EF ED CF BW AT 
Sediment Skin Soil Exposure Exposure Conversion Body Averaging 

Concentration SurfaceArea Fraction Adherence Skin Frequency Duration Factor Weight Time 
Chemical ( w k g )  (Cm3 Contaminted (mglcm’) Absorption (daydyr) (years) (kglmg) (kg) (days) 
Aroclor-1254 0.332 9275 0.9 0.2 0.06 I 2.5 0.000001 70 25550 
Bis(2ethyhexyl)phtate 2.637 9275 0.9 0.2 0.01 7 2.5 0.000001 70 25550 

Intake Slope 
Factor Factor Cancer 

Chemical (kg/kg-day) Wmgkgday) Risk 
Amlor-1254 9.80E- IO 7.70E+00 2.5 1 E-09 
Bis(2ethyhexyl)phtate 1.63E-IO 1.40E-02 6.03E- 12 

Total Cancer Risk 2.5 1 E49 

(AOC3ECO.XlS PSED-DERMXB114195 7 5 8  PM) 



FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 3 

RME - Dermal contact with pond sediment 

Noncarcinogens 
IF=(SA x FC x AD x AB x EFx EDxCFj'(BW x AT) 

HQ = (C x IF)/RtD 

C SA FC AD AB EF ED CF BW AT 
sediment Skin sod Exposure Exposure Conversion Body Averaging 

Concentration S u r f a c e h  Fraction Adherence Skin Frequency Duration Factor Weight Time 
Chemical (mgkg) (m2) Contaminated (mg/cm2) A k q m o n  (daydyr) (years) (kglmg) (kg) (days) 
Anxlor- 1254 0.332 9275 I 1 0.06 12 2.5 0.000001 70 915 
Bis(2ethylhexyl)phthalate 2.637 9215 I 1 0.01 12 2.5 0.000001 70 915 

IF RfD HQ 
Intake Reference 
Factor Dose Hazard 

Chemical (kglkg-day) (mglkg-day) Quotient 
Aroclor- 1254 2.61 E-07 2.008-05 4.338-03 
Bis(2ethylhexyl)phthalate 4.348-08 2.00E-02 5.738-06 

Total Hazard Index 4.33843 

(AoC3ECO.X m-DERhlXWI495 758 PM) 6. 



FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 3 

Rh4E - Dermal contact with pond sediment 

Nonradionuclide carcinogens 
IF = ISA 1 FC 1 AD I AB a EF a ED a CFY(BW x AT) 

CR = C  x IF a SF 

C SA FC AD AB EF ED CF BW AT 
Sediment Skin Soil Exposure Exposure Conversion Body Averaging 

Concentration Surfa~eArea Fraction Adherence Skin Frequency Duration Factor Weiht Time . .  - 
Chemical (mwkg) (4 Contaminated (mg/cm2) Absorption (days/yr) Ovan) (kg/rng) (kg) (days) 
Aroclor- 1254 0.332 9275 1 -  1 0.06 12 2.5 0.000001 70 25550 
Bis(2ethylhexyl)phthalate 2.637 9275 I I 0.01 12 2.5 O.OoooO1 70 25550 

IF SF CR 
Intake Slope 
Factor Factor cancer 

chemical (kwkg-day) Mmg/kgday) Risk 
Aroclor- I254 9.338-09 7.70E+00 2.398-08 
Bis(2ethylhexyl)phthalate 1.568-09 1.40E-02 5.74E-11 

Total Cancer Risk 2.398-08 
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CT - Ingestion of surface water 

Noncarcinogens 

FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 3 

IF = (IR x ET x EF x ED)/(BW x AT) 
HQ = (C x IF)/RfD 

C IR ET EF ED BW AT IF RfD HQ 
Surfacewater Ingestion Exposure Exposure Exposure Body Averaging Intake Reference 
Concentration Rate Time Frequency Duration Weight Time Factor Dose Hazard 

Chemical ( m d )  (Vhr) (hrkW) (daydyr) (yean) (kg) (days) (Vkg-daY) (mglkg-day) Quotient 
Antimony 1.928-07 0.0 I 1 7 2.5 70 915 2.738-06 4.00E-04 1.31E-09 
Di-n-butylphthalate 0.002 0.01 1 7 2.5 70 915 2.73E-06 I.OOE-01 5.46848 

Total Hazard Index 5.60E-08 

Radionuclides 
IF= IR x ET x EF x ED 

CR = C x IF x S.F 

C IR ET EF ED IF SF CR 
Surfacewater Ingestion Exposure Exposure Exposure Intake Slope 
Concentration Rate Time Frequency Duration Factor Factor Cancer 

Radionuclide (pCW W) (hrlday) (daydyr) (years) (I) (RisUpCi) Risk 
Americium-241 0.014 0.01 1 7 2.5 1.75E-01 3.288-10 8.048-13 
Plutonium-2391240 0.043 0.01 1 7 2.5 1.75E-01 3.16E-IO 2.38E-12 

Total Radionuclide Cancer Risk 3.188-12 
>. 

(AOC3ECO.X \V_NGXB/13195 4:19 PM) e 
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FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 3 

RME - Ingestion of surface water 

Noncarcinogens 
IF = (IR x ET x EF x ED)/(BW x AT) 

HQ = (C x IF)/RfD 

C IR ET EF ED BW AT IF . RfD HQ 
Surfacewater Ingestion Exposure Exposure Exposure Body Averaging Intake Reference 
Concentration Rate Time Frequency Duration Weight Time Factor Dose Hazard 

Di-n-butylphthalate 0.002 0.05 I 12 2.5 70 915 2.34E-05 1.00E-01 4.688-07 
Total Hazard Index 4.80E-07 

Radionuclides 
IF= IR x ET x EFx ED 

CR = C  x IF xSF 

C IR ET EF ED IF SF CR 
Surfacewater Ingestion Exposure Exposure Exposure Intake Slope 
Concentration Rate Time Frequency Duration Factor Factor Cancer 

Radionuclide Win) (MU) (hrlday) (daydyr) (years) . (1) (RisklpCi) Risk 
Americium-241 0.014 0.05 I 12 2.5 1.50E+00 3.288-10 6.898-12 
Plutnnium-279/240 0.043 0.05 I 12 2.5 1.50E+00 3.16E-IO 2.04E-1 I 

(AOC3ECO.Xl.S SW_ING)(8/13195 419 PM) 

Total Radionuclide Cancer Risk 2.738-11 

Total Cancer Risk 2.738- 1 I 
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FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 3 

CT - External imadiation from streaddry sediment 

IF = TI: x GSF x EFx ED 
CR = C  x IF x SF 

C TF GSF EF ED IF SF . CR 

G m m a  Exposure Intake Slope Soil Gamma T i m  
Concentration Factor Shielding Factor Percent of year Duration Factor Factor cancer 

Radionuclide ( p C U  (Td (I-Sd Exposed (years) (years) (VpCi-ydg) Risk 
Americium-241 0.31 1 0.3 0.8 0.019 2.5 1.14E-02 4.598-09 1.63E-I I 
Plutonium-239f240 2.519 0.3 0.8 0.019 2.5 1.14E-02 1.378-11 3.938-13 

Total Cancer Risk 1.678-1 1 

RME - External irradiation from stream/dly sediment 

IF = TF x GSF x EF x ED 
CR = C x IF x SF 

C TF CSF EF En IF SF CR 
~ ~~ 

Soil Gamma Time GiUNM Percentofyear Exposure Intake Slope 
Concentration Factor Shielding Factor Exposed Duration Factor Factor Cancer 

Radionuclide (PCVg) (TA (I-SA (years) (years) (I/pCi-yr/g) Risk 
Americium-241 0.31 1 0.3 I 0.033 2.5 2.488-02 4.598-09 3.53E-I I 
Plutonium-239f240 2.519 0.3 I 0.033 2.5 2.488-02 1.37E-11 8.548-13 

Total Cancer Risk 3.628- I I 

KUl.4195 7 5 9  PM) S k l  I of I 



SUMMARY OF RISK 
OPEN SPACE RECREATIONAL USE 

AREA OF CONCERN NO. 3 

ilamm&u 
Pathway Hazard Index Cancer Risk Hazard Index Cancer Risk 

Ingestion of pond sediment by a child ' 3.408-03 
Ingestion of pond sediment by an adult 
Carcinogenic effects of ingestion of pond sediment 
Ingestion of s W d r y  sediment by a child 
Ingestion of s W d r y  sediment by an adult 
Carcinogenic effects of ingestion of s W d q  sediment 
Inhalation of particulates from s W d r y  sediment 

3.66E-04 
4.628-08 

2.598-04 
2.778-05 

1.08E-08 
I .69E-12 

Dermal contact with pond sediment 
Dermal contact with s W d q  sediment* 
Ingestion of surface water 
Dermal contact with surface water 

7.81E-05 

5.01E-08 
6.238-07 

1 S5E-09 

1.02E-I1 

I .70E-02 
.82E-03 

,298-03 
,398-04 

5.17E-03 

6.01 E-07 
7.628-06 

7.47E-Cl7 

1.71 E-07 
7.90E-11 
3.42E-07 

4.09E- 10 

External lnadiation from s t r e d d r y  sediment 3.16E-11 6.14E-10 
Total 4.13E-03 5.878-08 2.548-02 1.268-06 

* PAHs, metals and radionuclides are. the only COCs in s t r e d d r y  sediment. Dermal absorption of metals and radionuclides 
is considered insignificant. EPA has stated that it is inappropriate to assess dermal absorption of PAHs using the oral 
slope factor (EPA 1989a). 

(AOC30PS.XLS SUMMARY)(8/14/95 8 5 8  PM) Sheet I of I 



OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 3 

(T - Pond sediment ingestion 

Noncarcinogens - Child 
IF =(IR-C x ED-C x EF x ME X CF)/(BW-C x AT-C) 

HQ = (C x IF)/RfD 

C IR-C ED€ EF ME CF BW-C AT€ IF RfD HQ 
Sediment Ingestion Exposure Exposure Conversion BdY Averaging Intake Reference 

Concentration Rate Duration Frequency Matrix Factor Weight ' Time Factor Dose Hazard 
chemical (mg/kg) (mdvisit) (years) (visitdyr) Effect (kdmg) (kg) (days) (kglkg-day) (mg/lrg-da~) Quotient 
Antimony 20.46 50 2 10 0.5 0.000001 15 730 4.57E-08 4.00E-04 2.348-03 
&lor- I254 0.332 50 2 10 0.5 0.000001 15 730 4.57E-08 2.00E-05 7.588-04 
Bis(2ethylhexyl)phthalate 2.637 50 2 10 I 15 730 9.13E-08 2.OOE-02 1.20E-05 0.000001 
Silver I .65 50 2 10 0.5 , 15 730 4.578-08 5.00E-03 1.51E-05 0.000001 
Vanadium 42.2 50 2 10 0.5 I5 730 4.57E-08 7.00E-03 2.758-04 0.000001 

Total Hazard Index - Child 3.40E-03 

Noncarcinogens - Adult 
IF =(IR-A x ED-A x EF x ME x CF)/(BW-A x AT-A) 

HQ = (C x IF)/RfD 

C IR-A ED-A EF ME CF BW-A AT-A IF IUD HQ 
Sediment Ingestion Exposure EXpOSUre Conversion Body Averaging Intake Reference 

Concentration Rate Duration Frequency Matrix Factor Weight Time Factor Dose Hazard 
Chemical (melke) (mdvisit) (years) (visitdyr) Effect (kdmg) (kg) (days) (kglkg-day) (mg/kg-day) Quotient 
Antimony 20.46 25 7 
Aroclor-1254 0.332 25 7 10 0.5 0.000001 70 2555 4.89E-09 2.00E-05 8.12845 
Bis(2ethylhexyl)phthdate 2.637 25 7 10 I 0.000001 70 2555 9.78E-09 2.00E-02 1.298-06 
Silver I .65 25 7 10 0.5 0,000001 70 2555 4.898-09 * 5.00E-03 1.61E-06 

IO 0.5 0.000001 70 2555 4.89849 7.OOE-03 2.95E-05 Vanadium 42.2 25 7 

10 0.5 0.000001 70 2555 4.89E-09 4.00E-04 2.508-04 . 

Total Hazard Index - Adult 3.668-04 
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CT - Timeweighted average pond sediment ingestion 

Nonradionuclide Carcinogens 

OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 3 

IF =[(IR-C x ED-C)/(BW-C) + (IR-A x ED-A)/(BW-A) ] x (EF x ME x CF)/AT 
CR = C x IF x SF 

C I R C  ED€ BW-C IR-A ED-A B W-A CF h4E EF 

Sediment Ingestion Exposure Body Ingestion Exposure BdY Conversion Mauix Exposure 
Concentration Rate Duration Weight Rate Duration Weight Factor Effect Fmpency 

Chemical (mgntg) (rnglvisit) (years) (kg) (mgvisit) (years) (kg) (kg/mg) (visitdyr) 
Aroclor- 1254 0.332 50 2 15 25 7 70 0.00000 I 0.5 10 
Benzo(a)pyre= 0.274 50 2 I5 25 7 70 0.000001 1 10 
Benzo(b)fluoranthene 0.319 50 2 15 25 7 70 0.000001 1 10 
Bis( 2-ehyhexyl)phthalate 2 637 50 2 15 25 7 70 0.000001 1 10 

Child Adult 

AT IF SF CR 
Averaging Intake Slope Cancer 

Time Factor Factor Risk 
Chemical (days) (kglkg-day) I4rngntgday) 
Aroclor- I254 25550 1.79E-09 7.70E+00 4.59E-09 
Benzo(a)pyrene 25550 3.598-09 7.30E+00 7.18E-09 
Benzo(b) fluoranthene 25550 3.59E-09 7.30E-01 8.358-10 
B is( 2-ehyhexyl)phthalate 25550 3.59E-09 1.40E-02 1.32E- IO 

Total Chemical Cancer Risk 1.278-08 

(AOC30PS.XIS PSED-INGX8114EJS 7:42 PM) 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 3 

CT - Time-weighted average. pond sediment ingestion 

Radionuclides 
IF =[(IR-C x ED-C) + (IR-A x ED-A)] x EF x ME x CF 

CR=.CxIFxSF 

C I R C  ED-C IR-A ED-A ME CF EF IF SF CR 
Child Adult 

Ingestion Exposure Conversion Exposure Intake Slope Sediment Ingestion Exposure 

Concentration Rate Duration Rate ' Duration Matrix Factor Frequency Factor Factor Cancer 
Chemical (pCi/g) (mg/visit) (years) (mgvisit) (Years) EffecC Wmg, (visitdyr) k) ( W p C i )  Risk 
Americium-241 9.28 50 2 25 1 I 0.001 IO 2.75E+00 3.288-10 8.378-09 
Plutonium-239/240 28.93 50 2 25 7 I 0.001 IO 2.75E3+00 3.16E-IO 2.518-08 

Total Radionuclide Cancer Risk 3.358-08 

Total Cancer Risk 4.628-08 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 3 

RME - Pond sediment ingestion 

Noncarcinogens - Child 
IF =(IR-C x ED-C x EF x ME x CF)/(BWC x AT-C) 

HQ = (C x IF)/RfD 

EF ME CF BW-C AT€ IF m HQ C IR-C ED-C 
Sediment Ingestion Exposure Exposure Conversion BdY Averaging Intake Reference 

Concenuation Rate Duration Frequency Matrix Factor Weight Time Factor Dose Hazard 

&lor- 1254 0.332 100 6 25 0.5 0.000001 15 2190 2.288-07 2.00E-05 3.798-03 
Bis(2ethylhexyl)phthalate 2.637 100 6 25 I 0.000001 15 2190 4.57E-07 2.00E-02 6.02E-05 
Silver 1.65 100 6 25 0.5 0.000001 I5 2190 2.288-07 5.00E-03 7.53E-05 
Vanadium 42.2 100 6 25 0.5 0.000001 15 2190 2.288-07 7.00E-03 I .38E-03 

Total Hazard Index - Child 1.70E-02 

Noncarcinogens - Adult 
IF =OR-A x ED-A x EF x ME x CF)/(BW-A x AT-A) 

HQ = (C x F)/RfD 

ME CF BW-A AT-A IF m HQ C IR-A ED-A EF 
Sediment Ingestion Exposure Exposure Conversion BdY Averaging Intake Reference 

Concentdon Rate Duration Frequency Matrix Factor Weight Time Factor Dose Hazard 
chemical (mg/kg) (mdvisit) (years) (visitdyr) Effed W m g )  (kg) (days) (kg/kg-day) (mgnig-day) Quotient 
Antimony 20.46 50 24 25 0.5 0.000001 70 8760 2.458-08 4.00E-04 1.258-03 
Aroclor- 1254 0.332 50 24 25 0.5 0.000001 70 8760 2.458-08 2.00E-05 4.06E-04 
Bis(2ethylhexyl)phthalate 2.637 50 24 25 1 0.000001 70 8760 4.898-08 2.00E-02 6.4584% 
Silver 165 50 24 25 0.5 0.000001 70 8760 2.458-08 5.00E-03 8.0784% 
Vanadium 42.2 50 24 25 0.5 0.000001 70 8760 2.458-08 7.00E-03 1.4781)4 

Total Hazard Index - Adult I .82E-03 

(AOC30PS.XL.S PSE.C-MGXB/14,95 7:42 PM) S k t  4 of 6 



OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 3 

RME - Time-weighted average pond sediment ingestion 

Nonradionuclide Carcinogens 
IF =([(lR-C x ED-C)/(BW-C) + (IR-A x ED-AY(BW-A )] x EF x ME x CF)/AT 

CR = C  x IFx SF 

C 1R-C ED€ B W C  IR-A ED-A BW-A CF ME EF 
Child Adult 

Body Ingestion Exposure Body Conversion Matrix Exposure 
Concentration Rate . Duration Weight Rate Duration Weight Factor Effed Frequency 

Chemical (mglkg) (mdvisit) (years) (kg) (mglvisit) (years) (Wm& (visitslyr). 
Aroclor- I254 0.332 100 6 15 50 24 70 0.000001 0.5 25 
Benzo(a)pyrene 0.274 100 6 15 50 24 70 0.000001 I 25 
Benzo(b)fluoranthene 0.319 100 6 IS 50 ' 24 70 0.00000 I I 25 
Bis(2ethylhexyl)phthdate 2.637 100 6 IS 50 24 70  0.000001 I 25 

Sediment Ingestion Exposure 

AT IF SF CR 
Averaging Intake Slope ' Cancer 

Time FilCtOf Factor Risk 
Chemical (days) (kglkg-day) (mklkg-day) 
Aroclor- 1254 25550 2.808-08 7.70E+00 7.158-08 
Be&a)pyrene 25550 5.598-08 7.30E+00 1 . I  2E-07 
Benzo(b)fluoranthene 25550 5.598-08 7.30E-01 I .30E-08 
Bis(2ethylhexyl)phtate 25550 5.59E-08 I .40E-02 2.068-09 

Total Chemical Cancer Risk 1.988-07 

(AOC30F'S.X ED-LNG)(8/14#95 7:42 PM) 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 3 

RME - Time-weighted average pond sediment ingestion 

Radionuclides 
IF =[(IRK x ED-C) + (IR-A x ED-A)] x EF x ME x CF 

CR = C x IF x SF 

C I R C  ED-C IR-A ED-A ME CF EF IF SF CR 
Child Adlilt 

(AOC30PS.XLF PSED-INGXB114195 7 4 2  PM) 

-.-" . .".... 
Sediment Ingestion Exposure Ingestion Exposure Conversion Exposure Intake Slope 

Concentration Rate Duration Rate Duration Matrix Factor Frequency Factor Factor Cancer 
Chemical (pcik) (mg/visit) (years) (mg/visit) (Yean) Effect Wmg) (VisiWyr) (9) (Risk/pCi) Risk 
Americium-241 9.28 100 6 50 24 1 0.001 25 4.50E+01 3.288-10 1.37E-07 
Plutonium-239/240 28.93 100 6 50 24 1 0.001 25 4.50E+OI 3.16E-10 4.11E-07 

Total Radionuclide Cancer Risk 5.48E-07 

Total Cancer Risk 7.478-07 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 3 

.. 

CT - Streaddry sediment ingestion 

Noncarcinogens - Child 
IF =(IR-C x ED-C x EF x ME x CF)/(BW-C x AT-C) 

HQ = (C x IF)/RfD' 

C I R C  ED-C EF ME CF BWC ATC IF IUD HQ 
Sediment Ingestion Exposure Exposure Conversion Body Averaging Intake Reference 

Concentration Rate Duration Fquenc y Matrix Factor weight Time Factor Dose Hazard 
Chemical (mg/kg) (mg/visit) (years) (visi Wyr) E M  (kglmg) (kg) (days) (kgkg-day) (mg/ltg-day) Quotient 
Cobalt 10.98 50 2 IO I 0.000001 15 730 9.138-08 6.00E-02 1.67E-05 
Strontium 69.7 50 2 IO I I5 730 9.13E-08 6.00E-01 1 ME-05 0.000001 
Vanadium 3 I .24 50 2 10 . 0.5 o.ooooo1 15 730 4.578-08 7.00E-03 2.048-04 
Zinc 180.58 50 2 10 0.5 0.000001 IS 730 4.57E-08 3.00E-01 2.75E-05 

Total Hazard Index -Child 2.59E-04 

Noncarcinogens - Adult 
IF S I R - A  x ED-A x EF x ME x CF)/(BW-A x AT-A) 

H Q  = (C x IF)/RfD 

C IR-A ED-A EF ME CF BW-A AT-A IF RfD HQ 
Sediment Ingestion Exposure Exposure Conversion B d Y  Averaging Intake Ref- 

Concentration Rate Duration Frequency Matrix Factor Weight Time Factor Dose Hazard 
Chemical (mgntg) (mg/visit) (years) (visiwyr) Effect (kglmg) (kg) (days) otglkg-day) (mg/lrg-day) Quotient 
cobalt 10.98 25 7 10 I 0.00000 I 70 2555 9.788-09 6.00E-02 1.7984% 
Strontium 69.7 25 7 IO I 70 2555 9.788-09 6.00E-01 1.14E-06 0.0oooo1 
Vanadium 31.24 25 7 IO ' 0.5 O.OOOOO1 . 70 2555 4.898-09 7.00E-03 2.188-05 
Z i C  180.58 25 7 IO 0.5 0.0oooo1 70 2555 4.898-09 3.00E-01 2.948-06 

2.778-05 Total Hazard Index - Adult 

(A0cH)PS.X EDJNG#W14/95 7:42 PM) 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 3 

CT - Time-weighted average stream/dry sediment ingestion 

Nonradionuclide Carcinogens 

C 1R-C ED-C BW-C 1R-A ED-A BW-A CF ME EF 
- 
Ctuld Adult 

sediment Ingestion Exposure Body Ingestion Exposure Body Conversion Matrix Exposure 
Effeu Fmuencv Concenuation Rate Duration Weight Rate Duration Wei& Factor - . I  

Chemical (mgflig) (mglvisit) (years) (kg) (rnglvisit) (years) 0%) (kdmg) (visitdyr) 
Benzo(a)anthracene 0.19 50 2 ‘ 15 25 7 70 0.000001 1 10 
Benzo(a)pyrene 0.26 50 2 15 ’ 25 7 70 0.000001 1 10 
Benzo(b)fluoranthene 0.297 50 2 I5 25 7 70 1 10 
Indene( I ,2.3cd)pyrene 0.1 1 50 2 15 25 7 70 0.000001 1 10 

0.000001 

AT IF SF CR 
Averaging Intake Slope Cancer 

Time Factor Factor Risk 
Chemical (days) (kglkg-day) IKmg/kg-day) 
Benzo(a)anthracene 25550 3.59E-09 7.30E-01 . 4.988-10 
Benzo(a)pyrene 25550 3.598-09 7.30EW 6.818-09 
Benzo(b)fluomthene 25550 3.59E-09 7.3OE-01 ~ J ~ E - I O  
Indene( 1.2.3cd)pyrene 25550 3.59E-09 7.30E-01 2.888-10 

Total Chemical Cancer Risk 8.378-09 



OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 3 

CT - Time-weighted average streamldry sediment ingestion 

Radionuclides 
IF =[(IRK x ED-C) + (IR-A x ED-A)] x EF x ME x CF 

CR = C x IF x SF 

C IR-C ED€ IR-A ED-A ME CF EF IF SF CR 
Child Adult 

Conversion Exposure Intake Slope 
. 

sediment Ingestion Exposure lngestion ExPosure 
Concentration Rate Duration Rate Duration Matrix Factor Frequency Factor Factor Cancer 

(PCUg) (mg/visit) (years) (mglvisit) (Years) Eff& Wm@ (visits&) (9) (RisWpCi) Risk Chemical 
Americium-241 0.31 I 50 2 25 7 I 0.001 10 2.758+00 3.288-10 2.818-10 
Plutonium-239/240 2.519 50 2 25 7 I 0.001 I O  2.758+00 3.16E-IO 2.19E-09 

Total Radionuclide Cancer Risk 2.478-09 

ING)(Bll4r95 7:42 PM) 

Total Cancer Risk I .08E-08 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 3 

RME - Sueamldry sediment ingestion 

Noncarcinogens - Child 
IF z(1R-C x ED-C x EF x ME x CF)/(BW-C x AT-C) 

HQ = (C x IF)/RtD 
, 

CF BW-C AT-C IF m HQ C IR-C ED€ EF ME 
Averaging Intake Reference Exposure Conversion Body Sediment Ingestion Exposure 

Concentration Rate Duration Frequency Matrix Factor Weight Time Factor Dose Hmard - 
Chemical (mgkg) (rnglvisit) (years) (visitdyr) E M  (kglmg) (kg) (days) (kgkg-day) (mgkg-day) Quotient 

6 25 1 0.000001 15 2190 4.57E-07 6.00E-02 8.368-05 Cobalt 10.98 100 
Strontium 69.7 100 6 25 1 15 2190 4.57E-07 6.00E-01 5.30E-OS 0.000001 

Vanadium 3 1.24 100 6 25 0.5 0.000001 I5 2190 2.28E-07 7.00E-03 I .02E-03 
Zinc 180.58 IO0 6 25 0.5 o.Ooo001 15 2190 2.28E-07 3.00E-01 1.378-04 

Total Hazard Index - Child 1.298-03 

Noncarcinogens - Adult 
IF =(IR-A x ED-A x EF x ME x W I ( 9 W - A  x AT-A) 

HQ = (C x IF)/RfD 

CF BW-A AT-A IF RfD HQ C IR-A ED-A EF ME 

sedunent Ingestion Exposure Exposure Conversion Body Averaging Intake Reference 
Concentration Rate Duration Frequency Matrix Factor Weight Time Factor Dose Hazard 

Strontium 69.7 50 24 25 1 0.000001 70 8760 4.898-08 6.00E-01 5.688-06 
Vanadium 3 I .24 50 24 25 0.5 70 8760 2.458-08 7.00E-03 1.09E-04 0.00000 I 
Zinc 180.58 50 24 25 0.5 0.000001 70 8760 2.45E-08 3.00E-01 1.478-05 

* '  Total Hazard Index - Adult 1.398-04 . 

(AOC30PS.XI-S SSED-INGXB114195 742 PM) 



OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 3 

RME - Time-weighted average streamldry sediment ingestion 

Nonradionuclide Carcinogens 
IF=([(IR-C a ED-CVtRW-C, + (1R.A 1 EI).AY(RW-A)I a EF x ME x CF)/AT 

C'R = C I IF 1 SF 

C IR-C ED-C B W C  IR-A ED-A BW-A CF ME EF 
Child Adult 

Sediment lngestion Exposure B d Y  Ingestion Exposure Body Conversion Matrix Exposure 
Concentration Rate Duration Weight Rate Duration Weight Factor E f f a  Frequency 

Chemical (mgkg) (mglvisit) (years) (kg) (rnglvisit) (years) (kg) W m g )  (visitdyr) 
Benzo(a)anthracene 0.19 100 6 .  15 50 24 70 0.000001 1 25 
Benzo(a)pyrene 0.26 100 6 I 5  50 24 70 0.000001 I 25 
Benzo(b)fluoranthene 0.297 100 6 I5 50 24 70 0.000001 I 25 
Indeno(l.2.3cd)pyrene 0.1 I 100 6, 15 50 24 70 0.000001 1 25 

AT IF SF CR 

Time Factor Factor Risk 
Averaging Intake Slope Cancer 

Chemical (days) (kg/kg-day) (rnglkg-day) 
Benzo(a)antluacene 25550 5.59848 7.30E-01 7.768-09 
Benzo(a)pyrene 25550 5.59E-08 7.30E+00 I .06E-07 
Benzo(b)fluoranthene 25550 5.598-08 7.30E-01 1.21E-08 
Indeno(l2.3cd)pyrene 25550 5.59E-08 7.30E-01 4.49E-09 

Total Chemical Cancer Risk 1.30E-07 

(AOC30PS.X ED-INC)(B114195 7:42 PM) 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 3 

R h E  - Time-weighted average streanddry sediment ingestion 

Radionuclides 
IF =[(IR-C x ED-C) + (IR-A x ED-A)] x EF x ME x CF 

CR = C x  [ F x  SF 

C I R C  ED€ IR-A ED-A ME CF EF IF SF CR 
Child Adult 

Sediment Ingestion Exposure Ingestion Expo&p Conversion Exposure Intake Slope 
Concentration Rate Duration Rate ' Duration Matrix Factor Frequency Factor Factor Cancer 

Chemical (PCW (mglvisit) (years) (mglvisit) (Years) Eff& W W )  (visiwyr) k) (RisWpCi) Risk 
Americium-241 0.31 1 100 6 50 24 1 0.001 25 4.50E+01 . 3.288-10 4.59849 
PIutonium-239/240 2.519 100 6 50 24 I 0.001 25 4.50E+Ol 3.16E-IO 3.588-08 

Total Radionuclide Cancer Risk 4.04E-08 

Total Cancer Risk 1.7 IE-07 

(AOC3OPS.XL.5 SSED-LNGNIVI4BS 7:42 PM) S h m  6 of 6 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 3 

CT - Inhalation of paniculates from stream/dry sediment 

Radionuclides 
IF= (IR x ET x EF x ED x CF x DF x RFypEF 

CR=CxIFxSF 

C IR ET EF ED DF RF CF PEF IF SF CR 
M i n t  Inhalation Exposure Exposure Exposure .Respiratory Conversion Paniculate Intake Slope 

Concentmtion Rate Time Frequency Duration Deposition Respuable Factor EmissionFactor Factor Factor CanCer 
Radionuclide (pci/g) (m’/day) (hdvisit) (dayslyr) (years) Factor Fraction (glkg) (m’/kg) (9) ( W p C i )  Risk 
Americium-24 1 0.311 0.83 1.5 10 9 0.85 1 1000 4.638- 2.068-05 3.858-08 2.468-13 
PIutonium-239L?40 2.519 0.83 I .5 IO 9 0.85 1 1000 4.638+09 2.ME-05 2.788-08 1.448-12 

Total Radionuclide Cancer Risk 1.698-12 

Total Cancer Risk 1.698-12 

(AOC3OPS.X DJNHP)(B/l485 7 4 1  PM) 6 



OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 3 

RME - Inhalation of particulates from suearn/dry sediment 

Radionuclides 
IF = (IR x ET x EF x ED x CF)/PEF 

C R = C x f f x S F  

C IR ET EF ED DF RF CF PEF IF SF CR 
Convetxion Particulate Intake Slope Sediment Inhalation Exposure Exposure Exposure Respiratory 

Concentration Rate Time Frequency Duration Deposition Respirable Factor Emission Factor Factor Factor Cancer 
Radionuclide (pi/@ (m’lday) (hrlvisit) (daydyr) (years) Factor Fradion (glkg) (m’flrg) (g) (RisWpCi) Risk 
Americium-241 0.31 I I .4 5 25 30 0.85 I lo00 4.638+09 9.648-04 3.858-08 1.ISE-11 

. .  
Plutonium-239/240 2.519 1.4 5 25 30 0.85 1 IO00 4.63E+09 9.64806 2.78E-08 6.75E-I I 

Total Radionuclide Cancer Risk 7.90E- I 1 

Total Cancer Risk 7.9OE-1 I 
I 

/ 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 3 

CT - Dermal contact with pond sediment 

Noncarcinogens 
IF= (SA x FC x AD x AB x EF x ED x O/@W x AT) 

H Q  = (C x IF)/RtD 

C SA FC A D  AR EF En rF R W  A T  

Sediment Skin Soil Exposure Exposure Conversion Body Averaging 
8 Concentration SurfaceA& Fraction Adherem Skin Frequency Duration Factor Weight Time 

Aroclor- I254 0.332 2000 0.5 0.2 0.06 10 9 0.000001 70 3285 
Bis( 2ethylhexyl)phthalate 2.637 2000 0.5 0.2 0.01 IO 9 0.000001 70 3285 

Chemical (mg/kg) (an2) Contaminated '(rng/cm2) Absorption (daydyr) (years) (kg/mg) (kg) (days) 

IF RtD HQ 
Intake Reference 
Factor Dose Hazard 

Chemical (kflg-day) (rngkg-day) Quotient 
Aroclor-1254 4.708-09 2.00E-05 7.808-05 
Bis(2ethylhexyl)phtak 7.83E-10 2.00E-02 I .03E-07 

7.8 1 E-05 Total Hazard Index 

(AOC30PS.Xl.S ED-DERMXWIWS 7:41 PM) ic sheer I of 4 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 3 

CT - Dermal contact with pond sediment 

Nonradionuclide carcinogens 
IF= (SA x FC x AD x AB x EF x ED x CF)/(BW x AT) 

CR = C  x I F x  SF ' 

C SA FC AD AB EF ED CF BW AT 

Sediment Skin soil Exposure Exposure Conversion Body Averaging 
Concentration SurfaceArea Fraction Adherence Skin Frequency Duration Factor Weight Time 

Aroclor- I254 0.332 2000 0.5 0.2 0.06 I O  9 0.000001 70 25550 
Chemical (ww Contaminated (mg/cm2) Absorption (daydyr) (years) (kg/m@ (kg) (days) 

Bis(2ethylhexyl)phthalate 2.637 2000 0.5 0.2 0.01 I O  9 0.000001 70 25550 

IF SF P R  

Intake Slope 
Factor Factor Cancer 

Chemical (kglkg-day) I&w$wW Risk 
Aroclor- I254 6.04E-10 7.70E+00 1.54E-09 
Bis(2ethylhexyl)phthalate I .01E- I O  1.40E-02 3.728- 12 

Total Cancer Risk 1.55E-09 



OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 3 

RME - Dermal contact with pond sediment 

Noncarcinogens 
IF = (SA x FC x AD x AB x EF x ED x W ( B W  x AT) 

HQ = (C x IRlRfD 

C SA FC AD AB Ei: ED CF BW AT 
M i n t  Skin . Soil Exposure Exposure Conversion Body Averaging 

Concentration SurfaceArea Fraaion Adherence- Skin Frequency Duration Factor Weight Time 
Chemical ( m a g )  (cm2) Contaminated (mglcm’) Absorption (daysly0 (years) (kg/mg) (kg) (days) 
Aroclor- 1254 0.332 5300 1 1 0.06 25 30 0.000001 70 10950 

30 0.000001 70 10950. Bis(2ethylhexyl)ate 2.637 5300 1 1 0.01 25 

IF IUD HQ 
Intake Refmce- 
Factor Dose Hazard 

Chemical (kgkg-day) (mag-day) Quotient 
Aroclor- 1254 3.1 1E-07 2.00E-05 5. I7E-03 
Bis(2ethylhexyl)phthalate 5.19E-08 2.00E-02 6.848-06 

Total Hazard Index 5.178-03 

(AW30PS. D-DERMKB1lWS 7:41 PM) 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 3 

RME - Dermal contact with pond d i n t  

Nonradionuclide carcinogens 
IF=(SA x FC x AD x AB x E F x  ED x CF)/(BW x AT) 

CR = C  x E X  SF 

C SA FC AD AB EF ED CF BW AT 
Sediment Skin Soil Exposure Exposure Conversion Body Averaging 

Concentration SurfaceArea Fraction Adherence Skin Frequency Duration Factor Weight Time 
Chemical (mi&) (cm? Contaminated (mglcm’) Absorption (daydyr) (years) (kg/mg) (kg) (days) 
Aroclor- 1254 0.332 5 300 1 1 0.06 25 30 0.000001 IO 25550 
Bis(2ethylhexyl)phtate 2.637 5300 1 1 0.0 1 25 30 0.000001 70 25550 

IF SF CR 
Intake Slope 
Factor Factor Cancer 

chemical (kg/kg-day) 14mg/kg-day) Risk 
Aroclor- 1254 1.338-07 7.70E+00 3.418-07 
Bis(2ethylhexyl)phthalate 2.22E-08 1.4OE-02 8.21E-10 

Total Cancer Risk 3.42E-07 



OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 3 

CT - Ingestion of surface water 

Noncarcinogens 
IF = (IR x ET x EF x ED)/(BWxx AT) 

HQ = (C x IF)/TUD 

C IR ET EF ED BW AT IF RfD HQ 
Surfacewater Ingestion Exposure Exposure Exposure Body Averaging Intake Reference 
Concenbation Rate Time Frequency Duration Weight Time Factor Dose Hazard 

Chemical (md) 
Antimony 1.92E-07 0.025 0.5 5 9 70 3285 2.458-06 4.00E-04 1.17E-09 
Di-n-butyl phthalate 0.002 0.025 0.5 5 9 70 3285 2.45846 1 .OOE-OI 4.89848 

Total Hazard Index 5.01E-08 

Radionuclides 
IF = IR x ET x EF x ED 

CR = C x IFx SF 

C IR ET FiF ED IF SF CR 
Surfacewater Ingestion Exposure Exposure Exposure Intake Slope 
Concentration Rate Time Frequency Duration Factor Factor Cancer 

Radionuclide (Kin) (W (hr/&Y) (days/yr) (Years) (I) (RisWpCi) Risk 
Americi~m-241 0.014 0.025 0.5 5 9 5.638-01 3.288-10 2.588-12 
PlutoNum-239/240 0.043 0.025 0.5 5 9 5.638-01 3.16E-10 7.64E-12 

Total Radionuclide Cancer Risk 1.02E- 1 1 

Total Cancer Risk I .02E-1 I 

(AOC30PS.X -INCXB114/95 8 5 7  PM) @ sheet I of 2 



OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 3 

RME - lngestion of surface water 

Noncarcinogens 
IF = (IR x ET x EF x ED)/(BW x AT) 

HQ = (C x IF)/Rfi) 

C 1R ET EF ED BW AT IF RfD HQ 
Surfacewater Ingestion Exposure Exposure Exposure Body Averaging Intake Reference 
Concentration Rate T i  Frequency Duration Weight T i  Factor Dose Hazard 

Chemical (W) (W (hr/day) (days/yr) (years) Org) (days) (Vkg-day) (mglkg-day) Quotient 
Antimony I .92E-07 0.05 1 15 30 70 10950 2.94E-05 4.00E-04 1.41E-08 
D-n-butylphthalate ' 0.002 0.05 I 15 30 70 10950 2.948-05 I BOE-01 5.87E-07 

Total Hazard Index 6.01E-07 

Radionuclides 
IF = IR x ET x EF x ED 

CR = C x  IF x SF 

C IR ET EF ED IF SF CR 
Surfacewater Ingestion Exposure Exposure Exposure Intake Slope 
Concentration Rate Time Fqwncy  Duration Factor Factor Cancer 

Radionuclide (pcfl) (W (hr/daY) (daydyr) (years) (I) (RisklpCi) Risk 
Americium-241 0.014 0.05 1 I5 30 2.25841 3.288-10 1.03E-IO 
Plutonium-239/240 0.043 0.05 I 15 30 2.25E41 3.16E-10 3.06E-10 

Total Radionuclide Cancer Risk 4.09E-10 

Total Cancer Risk 4.09E-10 

(AOC?QPS.XLS SWJNGKWI41PS 857 PM) 



OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 3 

RME - Dermal contact with surface water 

Noncarcinogens 
IF=(SA x DPx ETx EFx ED x W ( B W  x AT) 

HQ=(CxIF)/R!D 

C SA DP ET EF ED CF BW AT IF RfD HQ 
Surface Water Skin Dermal Exposure Exposure Exposure Conversion Body Averaging Intake Reference 
Concentration SurfaceArea Permeability Time Frequency Duration Factor Weight Time Factor Dose Hazard 

chemical (mgn) (m2) (m) W ~ Y )  (&y/yr) (Y-) (Vcm’) (kg) (days) (vkg-day) (mglkg-day) Quotient 

Total Hazard Index 7.628-06 
Di-n-butylphthalate 0.002 9275 0.07 1 15 30 0.001 70 10950 3.818-04 I.00E-01 7.628-06 

(AOC3OPS.X -DERMHB1IWS 7:40PM) 6 



OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 3 

' 

(3' - External irradiation from s t r e d d r y  sediment 

IF = TF x GSFx EFx ED 
CR = C x IF x SF 

C TF GSF EF ED IF SF CR 

(AOC30PS.XLS EXTRNL)(B114/95 7:40 PM) 

Soil Gamma Time Gamma Exposure Intake Slope 
Concentration Factor Shielding Factor Percent of year Duration Factor Factor cancer 

Radionuclide (Pcdg) (T.) ( 1 -s3 Exposed (years) (years) (VpCi-ydg) Risk 
Americium-241 0.31 1 0.1 0.8 0.03 9 2.168-02 4.598-09 3.08E-11 
Plutonium-239/240 2.5 19 0.1 0.8 0.03 9 2.168-02 1.37E-ll 7.4%-13 

Total Cancer Risk 3.16E-1 I 

R M E  - External inadiation fiom s W d r y  sediment . 

IF= TF x GSF x EF x ED 
CR = C  x IF X SF 

C TF GSF EF ED IF SF CR 
Soil Gamma Time Gamma Exposure Intake Slope 

Concentration Factor Shielding Factor Percent of year Duration Factor Factor cancer 
Radionuclide (Fag)  0 3  ( 1 -SA , Exposed (years) (years) (I/pCi-yr/g) Risk 
Americium-241 0.31 1 0.2 1 0.07 30 4.2OE-01 4.59E-09 6.OOE-10 
Plutonium-239L240 2.519 , 0.2 1 0.07 30 4.2OE-01 1.37E-11 I .45E-11 

Total Cancer Risk 6. I4E- I O  

sheet I of I 



SUMMARY OF RISK 
F'UTURE ECOLOGICAL WORKER 

AREA OF CONCERN NO. 4 

- 
pathway Hazard Index Cancer Risk Hazard Index Cancer Risk 

Ingestion of pond sediment 
Ingestion of stream/dry sediment 
Inhalation of particulates from streanddry sediment 
Dermal contact with pond sediment 
Dermal contact with stream/dry sediment* 
Ingestion of surface water 
Dermal contact with surface water 

2.61844 8.15E-09 3.1 1 E-03 9.708-08 
4.78E-06 3.49E-10 5.69E-05 4.488-09 

4. IZE-I3 7.ME-13 
3.328-03 1.848-08 3.17E-02 I .75E-07 

I .34E-06 4.65E-11 1.15E-05 1.52E-10 
7.48E-05 8.24E- IO 1.28E-04 1.41E-09 

External Irradiation from streanddry sediment 3.48E-11 7.54E-11 
Total 3.67E-03 2.78E-08 3.50E-02 2.78E-07 

*PAHs. metals and radionuclides are the only COCs in streanddry sediment. Dermal absorption of metals and radionuclides is 
considered insignificant. EPA has stated that it is inappropriate to assess dermal absorption of PAHs using the oral slope factor 
(EPA 1989a) 

(AOC4ECO.XLS SUMMARY)(8/14195 4 3 8  PM) Shut I of I 



FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 4 

CT - Ingestion of pond sediment 

Noncarcinogens 
IF= (1R x FC x EFx ME x ED x CF)/(BW x AT) 

HQ = (C x IF)/RfD 

C 1R FC EF ME ED CF BW AT IF RfD HQ 
Sediment lngestion Exposure Exposure Conversion Body Averaging lntake Reference 

Concentration Rate Fraction Frequency Matrix Duration Factor Weight Time Factor Dose Hazard 
Chemical ( m a g )  (mg/day) Contmhted (daydyr) Effect (Y-) (kg/mg) (kg) (days) (kgkg-day) (mgkg-day) Quotient 
Antimony 47.05 8 0.9 7 0.5 2.5 0.000001 70 915 9.84E-10 4.00E-04 1.16E-04 
Aroclor- 1254 2.424 8 0.9 7 0.5 2.5 0.000001 70 915 9.84E-10 2.00E-05 I .19E-04 
Bis(2-ethylhexy1)phthalate 30.26 8 0.9 I 1 2.5 0.000001 70 915 1,978-09 2.00E-02 2.988-06 
Silver 95.86 8 0.9 7 0.5 2.5 O.OO0001 70 915 9.848-10 5.00E-03 1.898-05 
Vanadium 30.59 8 0.9 7 0.5 2.5 0.000001 70 915 9.848-10 7.00E-03 4.308-06 

Total Hazard Index 2.61E-04 

(AOC4ECO.XLS PSEDJNG)(8113/95 440 PM) Sheet I of 4 



FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 4 

(JT - Ingestion of pond sediment 

Nonradionuclide carcinogens 
IF= (IR x FC x EFx ME x ED x CF)/(BW x AT) 

C R = C x f f x S F  

C IR FC EF ME ED CF BW AT IF SF CR 
Sediment Ingestion Exposure Exposure Conversion Body Averaging Intake Slope 

Concentration Rate Fraction Frequency Matrix Duration Factor Weight Time Factor Factor Cancer 
Chemical (mg/kg) (mg/day) Contaminated (daydyr) Effect (years) (kg/mg) (kg) (days) (kg/kg-day) Wng/kgday) Risk 
Aroclor- I254 2.424 8 0.9 7 0.5 2.5 O.OOO001 70 25550 3.528-1 I 7.70E+00 6.578-10 
Benzo(a)pyrene 0.383 8 0.9 7 1 2.5 0.MW)OOl 70 25550 7.05E-11 7.30E+00 1.97E-IO 
Benzo(b)fluoranthene 0.861 8 0.9 7 I 2.5 O.OOOOO1 70 25550 7.05E-I 1 7.30E-01 4.438-1 I 
B is(2ethylhexyl)phthalate 30.26 8 0.9 7 1 2.5 O.OOOOO1 70 25550 7.05E-I I 1.40E-02 2.988-1 I 

Total Chemical Cancer Risk 9.298-10 

Radionuclides 
IF = IR x FC x EF x ME x ED x CF 

CR=CxIFxSF 

C IR FC EF ME ED CF IF SF CR 
Sediment Ingestion Exposure Exposure Conversion Intake Slope 

Concentration Rate Fraction Frequency Matrix Duration Factor Factor Factor Cancer 
Radionuclide (pCi/g) (mdday) Contaminated (daydyr) Effect (years) (glrng) (g) (RisWpCi) Risk 
Americium-241 99.34 8 0.9 7 1 2.5 0.001 1.26E-01 3.288-10 4.1 IE-09 
Plutonium-239/240 78.3 8 0.9 7 1 2.5 0.001 1.26E-01 3.16E-IO 3.12E-09 

Total Radionuclide Canker Risk 7.228-09 

(AOC4ECO.X ED_INC)(B/I3/95 440 PM) ab 

Total Cancer Risk 8.15E-09 
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RME - Ingestion of pond sediment 

Noncarcinogens 

FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 4 

IF= (IR x FC x EFx MEx EDx CF)/(BW x AT) 
HQ = (C x IF)/TtfD 

FC EF ME ED CF BW AT IF RfD HQ C IR 

Reference Sediment Ingestion Exposure Exposure Conversion Body Averaging Intake 
Concentration Rate Fraction Frequency Matrix Duration Factor Weight Time Factor Dose Hazard 

Chemical (mgntg) (mdday) Contaminated (days/yr) Effect (years) (kdmg) (kg) (days) (kglkg-day) (mglkg-day) Quotient 
Antimony 47.05 50 1 12 0.5 2.5 0.000001 70 915 I .  I7E-08 4.00E-04 1.38E-03 
&lor- 1254 2.424 50 I 12 0.5 2.5 0.000001 70 915 I .  I7E-08 2.00E-05 1.42E-03 
Bis(2ethylhexyl)phthalate 30.26 50 I 12 1 2.5 0.000001 70 915 2.348-08 2.00E-02 3.54E-05 
Silver 95.86 50 I 12 0.5 2.5 0.000001 70 915 I .  l7E-08 5.00E-03 2.248-04 
Vanadium 30.59 50 1 12 0.5 2.5 0,000001 70 915 1.17E-08 7.00E-03 5.328-05 

Total Hazard Index 3. I 1 E-03 

, 

(AOC4ECO.Xl.S PSED_ING)(8/13/95 440 PM) Sheet 3 of 4 



FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 4 

Rh4E - Ingestion of pond sediment 

Nonradionuclide carcinogens 
IF= (IR x FC x EFx M E x  EDx CFY(BW x AT) 

CR =C x I F x  SF 

C IR FC EF ME ED CF BW AT IF SF CR 
Sediint  Ingestion Exposure Exposure Conversion Body Avenging Intake Slope 

Concentration Rate Fraction Frequency Matrix Duration Factor Weight Time Factor Factor Cancer 
Chemical (mglkg) (mglday) Contaminated (daydyr) Effect (years) (kglmg) (kg) (days) (kgncg-day) Wmglkg-day) Risk 
Aroclor- 1254 2.424 50 1 12 0.5 2.5 0.000001 70 25550 4.19E-10 7.70E+00 7.838-09 
Benzo(a)pyrene 0.383 50 1 12 1 2.5 0.000001 70 25550 8.398-10 7.308+00 2.348-09 
Benzo(b)fluomthene 0.861 50 1 12 1 2.5 0.000001 70 25550 8.398-10 7.30E-01 5.278-10 . ,  
Bis( 2ethylhexyl)phthalate 30.26 50 1 12 I 2.5 0.000001 70 25550 8.398-10 r.40E-02 3.55E-10 

1.1 I E-08 Total Chemical Cancer Risk 

Radionuclides 
IF= IR x FC x EF x ME x ED x CF 

CR = C  x IFx SF 

C IR FC EF ME ED CF IF SF CR 
Sediment Ingestion Exposure Exposure Conversion Intake Slope 

Concentration Rate Fraction Frequency Matrix Duration Factor Factor Factor Cancer 
Radionuclide (pCi/g) (mglday) Contaminated (daydyr) Effect (years) (glmg) (g) (RisWpCi) Risk 
Americium-241 99.34 50 1 12 1 2.5 0,001 1.50E+00 3.288-10 4.898-08 
Plutonium-239R40 78.3 50 1 12 1 2.5 0.001 1.508+00 3.16E-IO 3.718-08 

Total Radionuclide Cancer Risk 8.60E-08 

(AW4ECO.X D_ING)(S113/95 4:40 PM) or 

Total Cancer Risk 9.708-08 
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FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 4 

CT - Ingestion of stream/dry;ediment 

Noncarcinogens 
IF = (IR x FC x EF x MEx ED x o / ( B W  x AT) 

HQ = (C x IF)/RfD 

C IR FC EF ME ED CF BW AT IF RfD HQ 
Sediment Ingestion Expo= Exposure Conversion Body Averaging Intake ' Reference 

Concentration Rate Fraction .Frequency Matrix Duration Factor Weight Time Factor Dose Hazard 
Chemical (mgntg) (mdday) Contaminated (daydyr) Effect (years) (kg/mg) (kg) (days) (kgflig-day) (mgflrg-day) Quotient 
cobalt 8.77 8 0.9 7 1 2.5 0,000001 70 915 1.978-09 6.00E-02 2.88E-07 
Strontium 74.49 8 0.9 7 1 2.5 0.000001 70 915 1.97E-09 6.00E-01 2.448-07 
Vanadium 26.66 8 0.9 7 0.5 2.5 0.000001 70 915 9.84E-10 7.00E-03 3.758-06 
Zinc 152.6 8 0.9 7 0.5 2.5 0,000001 70 915 9.84E-10 3.00E-01 5.00E-07 

Total Hazard Index 4.788-06 
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CT - Ingestion of sueamldly sediment 

Nonradionuclide carcinogens 

FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 4 

IF= (IR x FC x EFx ME x ED x m ( B W  x AT) 
CR = C  x IFx SF 

C IR FC EF ME ED CF BW AT IF SF CR 
Sediment Ingestion Exposure Exposure Conversion Body Averaging Intake Slope 

Concentration Rate Fraction Frequency Matrix Duration Factor Weight Time Factor Factor cancer 
Chemical (mgkg) (mglday) Contaminated (daydyr) Effect (years) (kg/mg) (kg) (days) (kg/kgday) I/(mg/kgday) Risk 
Bento(a)anthracene 0.302 8 0.9 7 1 2.5 0.000001 70 25550 7.05E-I 1 7.30E-01 1.55E-11 
Benzo(a)pwne 0.48 8 0.9 7 I 2.5 0.000001 70 25550 7.05E-1 I 7.30E+00 2.47E-I0 
Benzo(b)fluomthene 0.41 8 0.9 7 1 2.5 O.oooOO1 70 25550 7.05E-I 1 7.30E-01 2.1 IE-ll 
Indene( 12.3cd)pyrene 0.19 8 0.9 7 1 2.5 0.000001 70 25550 7.05E-1 I 7.30E-01 9.778-12 

Total Chemical Cancer Risk 2.938-10 

Radionuclides 
IF= IR x FC x EF x ME x ED x CF 

CR = C  x I F x  SF 

C IR FC EF ME ED CF IF SF CR 
Sediment Ingestion Exposure Exposure Conversion. Intake Slope 

Concentration Rate Fraction Frequency Matrix Duration Factor Factor Factor Cancer 
Radionuclide (pCW (mglday) Contaminated (days/yr) Effect (years) (glmg) (g) (Risk/@) Risk 
Americium-24 1 0.66 8 0.9 7 1 2.5 0.001 1.26E-01 3.288-10 2.73E-1 I 
PItuonium-239f240 1.392 8 0.9 . 7  0.5 2.5 0.001 6.308-02 3.28E-I0 2.88E-I I 

Total Radionuclide Cancer Risk 5.60E-1 I 

Total Cancer Risk 3.49E- 10 



FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 4 

RME - Ingestion of streamldry sediment 

Noncarcinogens 
IF = (IR x FC x EF x ME x ED x CF)/(B W x AT) 

HQ = (C x IF)/RfD 

FC EF ME ED CF BW AT IF Rm HQ C IR 

S e d i i t  Ingestion Exposure Exposure Conversion Body Averaging Intake Reference 
Concentration Rate Fraction Frequency Matrix Duration Factor Weight Time Factor Dose Hazard 

Chemical (mg/kg) (mdday) Contaminated (days/yr) Effect (Years) (kdmg) (kg) (days) (kglkg-day) (mglkg-day) Quotient 
cobalt 8.77 50 1 12 
Strontium 74.49 50 i 
Vanadium 26.66 
Zinc 152.6 50 I 

1 2.5 0.000001 70 915 2.348-08 6.00E-02 3.42E-06 
12 I 2.5 0.000001 70 915 2.348-08 6.00E-01 2.91E-06 

.50 I 12 0.5 2.5 0.000001 70 915 1.17E-08 7.00E-03 4.468-05 
12 0.5 2.5 0.000001 70 915 1.17E-08 3.00E-01 5.968-06 

Total Hazard Index 5.69E-05 
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F'UTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 4 

RME - Ingestion of stream/dry sediment 

Nonradionuclide carcinogens 
IF= (IR x FC x EF x ME x ED x CF)/(BW x AT) 

CR = C  x I F x  SF 

C IR FC EF ME ED CF BW AT IF SF CR 

Sediment Ingestion Exporn Exposure Conversion Body Averaging Intake Slope 
Concentration Rate Fraaion Frequency Matrix Duration Factor Weight Time Factor Factor Cancer 

Chemical (melkg) (mglday) Contaminated (days/yr) Effea (years), (kglrng) (kg) (days) (kelke-day) Il(m&-day) Risk 
Benzo(a)anrJuacene 0.302 50 1 12 1 2.5 0.000001 70 25550 8.398-10 7.30E-01 1.85E-IO 
Benzo(a)pyrene 0.48 50 I 12 1 2.5 0.000001 70 25550 8.398-10 7.30E+00 2.948-09 
Benzo(b)fluoranthene 0.4 1 50 I 12 I 2.5 0.000001 70 25550 8.398-10 7.30841 2.518-10 
Indeno(l,2,3cd)pyrene 0.19 50 1 12 I 2.5 0.000001 70 25550 8.398-10 7.308-01 1.16E-10 

Total Chemical Cancer Risk 3.498-09 

Radionuclides 
IF = 1R x FC x E F x  M E x  ED x CF 

CR = C  x I F x  SF 

C IR FC EF ME ED CF IF SF CR 
Sediment Ingestion Exposure Exposure Conversion Intake Slope 

Concentration Rate F d o n  Frequency Matrix Duration Factor Factor Factor Cancer 
Radionuclide (PCW (mglday) Contaminated (daydyr) Effea (years) Wmg) (9) (RisWpCi) Risk 
Americium-241 . 0.66 50 1 12 1 2.5 0.001 1.508+00 3.288-10 3.258-10 
Plutonium-239/240 1.392 50 1 12 1 2.5 0.001 1.50E+00 3.16E-IO 6.60E-10 

Total Radionuclide Cancer Risk 9.85E-I0 

Total Cancer Risk 4.488-09 
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FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 4 

CT - Inhalation of particulates from sediment 

Radionuclides 
IF= (IR x EFx ED x CFx DFx RF)/PEF 

CR = C x IF x SF 

C IR EF ED DF RF CF PEF IF SF CR 
Sediment Inhalation Exposure Exposure Respiratory Conversion Particulate Intake Slope 

Concentration Rate Frequency Duration Deposition Respirable Factor Emission Factor Factor Factor CiUlCer 
Radionuclide (PCUg) (mJ/daY) (daydyr) (years) Factor Fraction (&P) (m’kg) (9) (Risk/@) Risk 

4.638+09 6.43E-06 . 3.858-08 1.638-13 Americium-241 0.66 2 7 2.5 0.85 1 lo00 
Plutonium-239/240 I .392 2 7 2.5 0.85 I lo00 4.638+09 6.43E-06 2.78E-08 2.49E-13 

Total Radionuclide Cancer Risk 4.12E- 13 

Total Can& Risk 4.12E- 13 

(AOC4ECO.XLS SSEDJNHP)(IVI3r95 4 3 0  PM) Sheet I of 2 



FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 4 

RME - Inhalation of paniculates from sediment 

Radionuclides 
.. IF= (IR x EF x ED x CFx DFx RFYPEF 

CR = C x IF x SF 

C IR EF ED ‘DF RF CF PEF IF SF CR 
M i n t  Inhalation Exposure Exposure Respiratory Conversion Particulate Intake Slope 

Concentration Rate Frequency Duration Deposition Respirable Factor ’ EmissionFactor Factor Factor Cancer 
Radionuclide (pCW (m’/day) (daydyr) (yeas) Factor Fraction (glkg) ( m ’ ~  (g) (RisWpCi) Risk 
Americium-241 0.66 2 12 2.5 0.85 I lo00 4.638+09 1.108-05 3.858-08 2.808-13 
Plutonium-239/240 1.392 2 12 2.5 0.85 1 lo00 4.638+09 1.108-05 2.788-08 4.268-13 

Total Radionuclide Cancer Risk 7.068-13 

Total Cancer Risk 7.068-13 

(AOC4ECO.X SEDJNHPXB/13/95 4 4 0  PM) 
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FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 4 

CT - Dermal antact with pond sediment 

Noncarcinogens 
IF = (SA I K* I A I )  I AH I EF x ED x f fY(BW x AT) 

110 = (C  1. IR/RID 

SA FC AD AB EF ED CF BW AT C 

Sediment Skin soil Exposure Exposure Conversion Body Averaging 
Concentration Surface Area Fraction Adherence Skin Frequency Duration Factor Weight Time 

Chemical (mgnig) (m2) Contaminated (rng/cm2) Absorption (daydyr) (years) (kg/mg) (kg) (days) 

915 Aroclor- 1254 

915 

2.5 O.OoooO1 70 
2.5 0.000001 70 

2 424 9275 0 9  0.2 006 7 
Bs(2ethylhexyl)phthalate 30 26 9275 0.9 0.2 0.01 7 

IF IUD HQ 
Intake Reference 
Factor Dose Hazard 

Chemical (kgkg-day) (rnglkg-day) Quotient 
Aroclor- 1254 2.748-08 2.00E-05 3.328-03 
Bis(2ethyhexyl)phtate 4.56E-09 2.00E-02 6.90E-06 

Total Hazard Index 3.328-03 

(AOC4ECO.XLS PSED-DERMX811495 1308 PM) 



FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 4 

CT - Dermal contact with pond sediment 

Nonradionuclide carcinogens 
IF= (SA x FC x AD x AB x EF x ED x CF)/(BW x AT) 

CR = C  x IFx SF 

C SA FC AD AB EF ED CF BW AT 
sediment Skin soil Exposure Exposure Conversion Body Avenging 

Concentdon S u r f a c e h  Fraction Adheme Skin Frequency Duration Factor Weight Time 

Chemical (rnglkg) (an2) Contaminated (m&nz) Absorption (daydyr) (years) (kglmg) (kg) (days) 
Aroclor-1254 2.424 9275 0.9 0.2 0.06 7 2.5 0.000001 70 25550 
Bis(2ethylhexyl)phthakte 30.26 9275 0.9 0.2 0.01 I 2.5 0.000001 70 25550 

IF SF CR 

Intake Slope 
Factor Factor Cancer 

Chemical . (kSlkg-day) ll(mSlkg-day) Risk 
Aroclor- 1254 9.80E-10 7.70E+00 1.838-08 

Total Cancer Risk 1.84E-08 
Bis(2ethylhexyl)phthalate 1.63E- 10 1.40E-02 6.928- 1 1 

(AOC4ECO.X ED-DERMXW14195 808 PM) @ Ski 2 of 4 
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FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 4 

R M E  - Dermal contact with pond sediment 

Noncarcinogens 
IF= (SA x FC x AD x AB x EF x ED x CF)/(BW x AT) 

HQ = (C x IF)/RtD 

C SA FC AD AB EF ED CF BW AT 
sediment Skin Soil Exposure. Exposure Conversion Body Averaging 

Concentration S u r f a c e h  Fraaion Adherence Skin Frequency Duration Factor Weight Time - 
Chemical (mgflrg) (cm2) Contaminated (mplcm2) Absorption (daydyr) (years) (kplmg) (kg) (days) 
Aroclor- I254 2.424 9275 1 I 0.06 12 2.5 0.000001 70 915 
Bis(2ethylhexyl)phtate 30.26 9275 1 1 0.01 12 2.5 0.000001 70 915 

IF m HQ 
Intake Reference 
Factor Dose Hazard 

Chemical (kgflrg-day) (mgflrg-day) Quotient 

Bis(2ethylhexyl)phtate 4.348-08 2.00E-02 6.578-05 
Total Hazard Index 3.178-02 

Aroclor- 1 254 2.6 1 E47  2.00E-05 3.16E-02 

(AOC4ECO.XLS FSED-DERMX11485 8:08 PM) 



FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 4 

RME - Dermal contact with pond sediment 

Nonradionuclide carcinogens 
IF = ( S A  a FC I A I )  i AH a EFx EDx CFV(BW x AT) 

CR C a IFx SF 

C SA FC AD AB EF ED CF BW AT 

Sediment Skin Soil Exposure Exposure Convasion Body Averaging 
Concentration SurfaceArea Fraction Adherence Skin Frequency Duration Factor Weight .Tm 

Aroclor-I254 2.424 9275 1 1 0.06 I2 2.5 0.000001 70 25550 
Chemical (wm (cm2) Contaminated (rnglad) A m o n  (days&) (years) (kg/rng) (ks) (days) 

Bis(2ethylhexyl)phthalate 30.26 9275 1 1 0.01 12 2.5 0.000001 IO 25550 

IF SF CR 
Intake Slope 
Factor Factor Cancer 

chemical (kg/kg-day) IhWwJw) Risk 
AIUC~O~- 1254 9 338-09 7.70E+00 1.748-07 

\ 
Bis(2ethylhexyl)phtate 1 S6E-09 I .40E-02 6.59E-I0 

Total Cancer Risk 1.75E-W 



FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 4 

CT - lngestion of surface water 

Noncarcinogens 
IF = (IR x ET x EF x ED)/(BW x AT) 

HQ = (C x IF)/RfD 

C IR ET EF ED BW AT IF RfD HQ 
Surfacewater lngestion Exposure Exposure Exposure Body Averaging Intake Reference 
Concentration Rate Time Frequency Duration Weight Time Factor Dose Hazard 

Chemical (rngn) (Vhr) (hr/day) (daWr) (years) (kg) (days) (Vkg-day) (rnglkg-day) Quotient 
12-DichlomeUwne 0.00253 0.01 1 7 2.5 70 915 2.73E-06 9.00E-03 7688-07 
Antimony 9.698-08 0.01 1 7 2.5 70 915 2.738-06 4.00E-04 6.62E-10 
Chlorofom 0.002 0.01 1 7 2.5 70 915 2.738-06 1.00E-02 5.468-07 
Di-n-butylphthalate 0.001 0.01 1 7 2.5 70 915 2.738-06 1.00E-01 2.73E-08 

Total Hazard Index 1.348-06 

(ACC4ECO.XLS SW-MG)(W13195 4 4 1  PM) S k l  I of 4 



FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 4 

CT - Ingestion of surface water 

Nonradionuclide carcinogens 
IF = (IR x ET x EF x ED)/(BW x AT) 

CR = C  x IF x SF 

C IR ET EF ED BW AT IF SF CR 

Surfacewater Ingestion Exposure Exposure Exposure Body Averaging Intake Slope 
Concentration Rate Time Frequency Duration Weight Time Factor Factor Cancer 

Chemical ( m g )  (W (h/day) (daydyr) (yean) (kg) (days) (vkg-day) Il(mklkg-day) Risk 
chloroform 0.002 0.01 
Trichlomthene 0.0296 0.01 1 

7 2.5 70 25550 9.788-08 6.10E-03 1.19E-12 
7 2.5 70 25550 9.78848 l.lOE-02 3.19E-11 

Total Chemical Cancer Risk 3.31E-1 I 

Radionuclides 
IF= IR x ETx EF x ED 

CR = C  x IF x SF 

c IR ET EF ED IF SF CR 

Surfacewater Ingestion Exposure Exposure Exposure Intake Slope 
Concentration Rate Time Frequency Duration Factor Factor Cancer 

Radionuclide (pein) (Vhr) (h/daY) (days/yr) (years) (I) (RisWpCi) Risk 
Americium-241 0.167 0.0 I I 7 2.5 1.75E-01 3.28E-10 9.598-12 
~ ~ u t o n i u m - 2 3 9 ~ ~ 1  0.069 0.01 I 7 2.5 1.75E-01 3.16E-IO 3.828-12 

Total Radionuclide Cancer Risk 1.34E- I 1 

(ACK4ECO.XLS S W J N G ~ W I ~ 5 4 4 1  PM) e' 
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RME - Ingestion of surface water 

Noncarcinogens 

FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 4 .  

IF = (IR x ET x EF x ED)/(BW X AT) 
HQ = (C x IRMD 

ED BW AT IF IUD HQ C IR ET EF 
SurfaceWater Ingestion Exposure Exposure Exposure Body Averaging Intake Reference 
Concentration Rate Time Fraquency Duration Weight Time Factor Dose Hazard 

Chemical (mwN (W (hr/day) (daydyr) (yeas) (kg) (days) (%-day) (mg/kg-day) Quotient 
1.2-Dichloroethene 0.00253 0.05 I 12 2.5 70 915 2.348-05 9.00E-03 6.58E-06 
Antimony 9.698-08 0.05 I 12 2.5 70 915 2.34E-05 4.00E-04 5.67849 
Chloroform 0.002 0.05 1 12 2.5 70 9 15 2.348-05 1.00E-02 4.688-06 
Di-n-butylphthalate 0.00 1 0.05 1 12 2.5 70 915 2.34505 1.00E-01 2.348-07 

Total Hazard Index I .  I5E-05 
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FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 4 

RME - Ingestion of surface water 

Nonradionuclide carcinogens 
IF = (IR x ET x EF x ED)/(BW x AT) 

CR = C  x I F x  SF 

C IR ET EF ED BW AT IF SF CR 

SurfaceWater Ingestion Exposure Exposure Exposure Body Averaging Intake Slope 
Concentration Rate Time Frequency Duration Weight Time Factor Factor Cancer 

Chemical (mgll) (W (hiday) (daydyr) (years) (kg) (days) (Ilkg-day) . I/(mg/kgday) Risk 
Chloroform 0.002 0.05 I 12 2.5 70 25550 8.398-07 6.10E-03 1.02E-11 
Trichloroethene 0.00296 0.05 1 12 2.5 70 25550 8.398-07 l.lOE-02 2.738-11 , 

Total Chemical Cancer Risk 3.75E-1 I 

Radionuclides 
IF=IRxETxEFxED . 

CR = C x IF x SF 

C IR ET EF ED IF SF CR 
SurfaceWater Ingestion Exposure Exposure Exposure Intake Slope 
Concentration Rate Time Frequency Duration Factor Factor Cancer 

Radionuclide (Kin) (hrlday) (daydyr) (years) (1) . (RisWpCi) Risk 
A~nericium-24l 0.167 0.05 I 12 2.5 1.50E+00 3.288-10 8.22E-1 I 
Plutonium-239R40 0.069 0.05 I 12 2.5 1.50E+00 3.16E-10 3.278-1 1 

Total Radionuclide Cancer Risk 1.15E- IO 

Total Cancer Risk 1.52E-10 
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FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 4 

(ACC4ECO.XLS SW-DERMMB113195 4:41 PM) 

CT - Dermal contact with surface water 

Noncarcinogens 
IF= (SA x DP x ET x EF x ED x CF)/(BW x AT) 

HQ = (C x IF)/RfD 

C SA DP ET EF ED CF BW AT IF RfD HQ 
Surface Water Skin Dermal Exposure Exposure Exposure Conversion Body Averaging Intake Reference 
Concentration S u r f a c e h  Permeability Time Frequency Duration Factor Weight Time Factor Dose Hazard 

Chemical ( m d )  (4 (cm/hr) (hrhy)  (dayhr) (years) (Ucm’) (kg) . (days) (Vkgday) (mgkg-day) Quotient 
1.2-Dichloroethene . 0.00253 9275 0.01 1 7 2.5 0.001 70 915 2.53E-05 9.00E-03 7.12E-06 
Chloroform 0.002 9275 0.13 1 7 2.5 0.001 70 915 3.298-04 1.00E-02 6.598-05 
Di-n-bury lphthalate 0.00 I 9275 0.07 I 7 2.5 0.001 70 915 1.778-04 1.00E-01 1.77E-06 

Total Hazard Index 7.488-05 

Nonradionuclide carcinogens 
IF= (SA x DPx ETx EF x ED x CF)/(BW x AT) 

CR = C  x IFx SF 

C SA DP ET EF ED CF BW AT IF SF CR 
Surface Water Skin Dermal Exposure Exposure Exposure Conversion Body Averaging Intake Slope 
Concentration SurfaceArea Permeability Time Frequency Duration Factor Weight Time Factor Factor Cancer 

Chemical ( m d )  (m2) ( c m )  (hrlday) (daylyr) (years) (Ucm’) (kg) (days) (Vkg-day) Il(rng/kgday) Risk 
Chloroform 0.002 9275 0.13 1 7 2.5 0.001 70 25550 1.18E-05 6.10E-03 1.44E-10 
Trichlomthene 0.00296 9275 0.23 1 7 2.5 0.001 70 25550 2.09E-05 l.lOE-02 6.80E-10 

Total Cancer Risk 8.24E-10 
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FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 4 . 

RME - Dermal contact with surface water 

Noncarcinogens 
IF = (SA x DPx ET x EF x ED x CFY(BW x AT) 

HQ = (C x IF)/RfD 

C SA DP ET EF ED CF BW AT IF RfD HQ 
Surface Water Skin Dermal Exposure Exposure Exposure Conversion Body Averaging Intake Reference 
Concentration Surfaceha  Permeability Time Frequency Duration Factor Weight Time Factor Dose Hazard 

Chemical (mgn) (m’) (m) (k/&y) (day/yr) C Y a )  (Vcm’) (kg) (days) (vkg-day) (m%kg-day) Quotient 
1,2-Dichlorcethene 0.00253 9275 0.0 I I 12 2.5 0.001 70 9 I5 4.348-05 9.00E-03 I .22E-05 
Chloroform 0.002 9275 0.13 I 12 2.5 0.00 I 70 9 I5 5.65E-04 1.00E-02 I .  13E-04 
Di-n-butylphthalate 0.001 9275 0.07 I 12 2.5 0.001 70 915 3.048-04 I.00E-01 3.048-06 

Total Hazard Index 1.288-04 

Nonradionuclide carcinogens 
IF= (SA x DPx ETx EFx ED x CF)/(BW x AT) 

CR = C x  E X  SF 

C SA DP ET EF ED CF BW AT IF SF CR 
Surface Water Skin Dermal Exposure Exposure Exposure Conversion Body Averaging Intake Slope 
Concentration Surface Area Permeability Time Frequency Duration Factor Weight Time Factor Factor Cancer 

Trichloroethene 0.00296 9275 0.23 1 12 2.5 0.00 I 70 25550 3.58E-05 1.10E-02 I.17E-09‘ 
Total Cancer Risk 1.4 I E-09 



FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 4 

CT - External irradiation from stream/dry sediment 

1F = TF x GSF x EF x ED 
CR = C x IF x SF 

C TF GSF EF ED IF SF CR 
Soil Gamma Time GalNM Exposure Intake Slope 

Concentration , Factor Shielding Factor Percent of year Duration Factor Factor Cancer 
Radionuclide (PCW (TJ ( 1 -Sd Exposed (years) (years) (I/pCi-yr/g) Risk 
Americium-241 0.66 0.3 0.8 0.0 19 2.5 1.14E-02 4.59E-09 3.458-11 
Plutonium-239L240 1.392 0.3 0.8 0.019 2.5 1.14E-02 1.37E-11 2.178-13 

Total Cancer Risk 3.488-1 1 

RME - External irradiation from streamldry sediment 

IF= TF x GSF x EFx ED 
CR = C  x IF x SF 

C TF GSF EF ED IF SF CR 
soil Gamma Time Gamma Exposure lntake Slope 

Concentration Factor Shielding Factor Percent of year Duration Factor Factor Cancer 
Radionuclide (pCi/g) (TJ ( I -SJ  Exposed (years) (yean) (I/pCi-yr/g) Risk 
Americium-241 0.66 0.3 1 0.033 2.5 2.488-02 4.59849 7.50E-1 I 
Plutonium-239L240 1.392 0.3 1 0.033 2.5 2.48E-02 1.37E-11 4.72E-33 

Total Cancer Risk 7.548-1 1 
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SUMMARY OF RISK 
OPEN SPACE RECREATIONAL USE 

AREA OF CONCERN NO. 4 

- 
Pathway Hazard Index Cancer Risk Hazard Index Cancer Risk 

Ingestion of pond sediment by a child 
Ingestion of pond sediment by an adult 
Carcinogenic effects of ingestion of pond sediment 
Ingestion of streaddry sediment by a child 
Ingestion of streanddry sediment by an adult 
Carcinogenic effects of ingestion of strtmddry sediment 
Inhalation of particulates from streanddry sediment 
Dermal contact with pond sediment 
Dermal contact with streanddry sediment* 
Ingestion of surface water 
Dermal contact with surface water 

1.2 I E-02 
1.30E-03 

2.228-04 
2.3 BE-05 

5.70E-04 

1.20E-06 
1.3 1 E-05 

2.058-07 

I .678-08 
1.32E- 12 
1.13E-08 

5.728-1 1 
5.19E- 10 

6.068-02 
6.498-03 

l.llE-03 
1.19844 

3.788-02 

1.448-05 
1.61E-04 

3.328-06 

2.628-07 
6.18E-11 
2.50E-06 

2.298-09 
2.128-08 

External Irradiation from streanddry sediment 6.58E-11 1.288-09 
Total 1.42E-02 2.34E-07 I .06E-0 1 6.108-06 

* PAHs. metals and radionuclides are the only COCs in streaddry sediment. Dermal absorption of metals and radionuclides 
' is considered insignificant. EPA has stated that it is inappropriate to assess dermal absorption of PAHs using the oral 

slope factor @PA 1989). 
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CT - Pond sediment ingestion 

Nonwcinogens - Child 

OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 4 

IF =tlR-C t E I K  a EF x ME x CRNBW-C x AT-C) 
tlu = IC I IF)/RfD 

C IR-C ED-C EF ME CF BW-C AT-C IF RfD HQ 
Sediment Ingestion Exposure Exposure Conversion BQdY Averaging Intake Reference 

Concentration Rate Duration Frequency Matrix Factor Weight Time Factor Dose Hazard 
Chemical (rnglkg) ' (mglvisit) (years) (visitdyr) Effect (kglmg) (kg) (days) (kglkg-day) (mglkg-day) Quotient 
Antimony 47.05 50 2 10 0.5 0.000001 15 730 4.57E-08 4.00E-04 5.378-03 
Amlor- 1254 2.424 50 2 10 0.5 0.oO0001 15 730 4.57E-08 2.00E-05 5.53E-03 
Bis(241ylhexyl)phthalate 30.26 50 2 10 I 0.000001 I5 730 9.13E-08 2.00E-02 1.388-04 
Silver 95.86 50 2 IO 0.5 0.000001 15 7 30 4.57E-08 5.00E-03 8.758-04 
Vanadium 30.59 50 2 IO 0.5 0.000001 I5 7 30 4.578-08 7.00E-03 2.00E-04 

Total Hazard Index - Child I .2 1E-02 

Noncarcinogens - Adult 
IF =(IR-A x ED-A x EF x ME x O / ( B W - A  x AT-A) 

HQ = (C x lF)/RfD 

C IR-A ED-A EF ME CF BW-A AT-A IF RfD HQ 
S e d i i n t  Ingestion Exposure, Expo= Conversion Body Averaging Intake Reference 

Concentration Rate Duration Frequency Matrix Factor Weight Time Factor Dose Hazard 
Chemical (mglkg) (mgvisit) (years) (visitdyr) Effect (kdmg) 0%) (days) (kglkg-day) (rnglkg-day) Quotient 
Antimony 47.05 25 7 10 0.5 0.000001 70 2555 4.898-09 4.00E-04 5.758-04 
Aroclor- 1254 2.424 25 7 10 0.5 o.oo0oo1 70 2555 4.89E-09 2.00E-05 5.93E-04 
Bis(2ethylhexyl)phthalate 30.26 . 25 7 IO 1 0.000001 70 2555 9.78E-09 2.00E-02 1.48E-05 
Silver 95.86 25 7 10 0.5 0.000001 70 2555 4.898-09 5.00E-03 9.388-05 
Vanadium 30.59 25 7 10 0.5 0.0oO001 70 2555 4.898-09 7.OOE-03 2.148-05 

Total Hazard Index - Adult I .30E-03 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 4 

CT - Tim-weighted average pond sediment ingestion 

Notuadionuclide Carcinogens 
IF =[(IRC x ED-C)/(BW-C) + (IR-A x ED-A)/(BW-A) ] x (EF x ME x CF)/AT 

CR = C  x I F x  SF 

C IR-C ED€ B W C  IR-A ED-A BW-A CF ME EF 

Sediment Ingestion Exposure B d Y  Ingestion Exposure B d Y  Conversion Matrix Exposure 
Concenhation Rate Duration Weight Rate Duration Weight Factor Effect Frequency 

Chemical (mgncg) (mglvisit) (years) (kg) (mglvisit) (years) (kg) (Wmg) (visitdyr) 
Aroclor-1254 2.424 50 2 15 25 7 70 0.000001 0.5 IO 
Benzo(a)pyrene 0.383 50 2 15 25 7 70 I IO 
Benzo(b)fluoranthene 0.861 50 2 IS 25 7 70 0.000001 1 10 
Bis(2ethylhexyl)phthalate 30.26 50 2 15 25 7 70 0.000001 I IO 

Child Adult 

0.000001 

AT IF SF CR 
Averaging Intake Slope Cancer 

Time Factor Factor Risk 
Chemical (days) (kgncg-day) Il(mgntgday) 
Aroclor-1254 25550 1.798-09 7.70E+00 3.358-08 
Benzo(a)pyrene 25550 3.59E-09 7.30E+00 1.00E-08 
Benzo(b)fluoranthene 25550 3.598-09 7.30E-01 2.268-09 
Bis(2ethylhexyl)phthalafe 25550 3.598-09 1.40E-02 1 S2E-09 

Total Chemical Cancer Risk 4.738-08 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 4 

CT - Time-weighted average pond sediment ingestion 

Radionuclides 
IF =((IR-C x ED-C) + (IR-A x ED-A)] x EF x ME x CF 

CR = C  x I F x  SF 

C IR-C ED-C IR-A ED-A ME CF EF IF SF CR 
Child Adult 

Sediment Ingestion Exposure Ingestion Exposure Conversion Exposure Intake Slope 
Concentration Rate Duration Rate Duration Matrix Factor Frequency Factor Factor Cancer 

Chemical (PCUg) (mglvisit) (years) (mglvisit) (Years) Effect (glmg) (visitdyr) (9) (RisWpCi) Risk 
Americium-241 99.34 50 2 25 7 1 0.001 10 2.75Ei-00 3.288-10 8.96E-08 
Plutonium-239/240 78.3 50 2 25 7 1 0.001 10 2.75Ei-00 3.16E-10 6.808-08 

Total Radionuclide Cancer Risk I S8E-07 

(AOC40PS.XLS PSEDJNG)(8I1385 4 5 2  PM) 

Total Cancer Risk 2.058-07 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 4 

RME - Pond sediment ingestion 

Non'carcinogens - Child 

ME CF B W C  AT€ IF RfD HQ C IR-C ED-C EF 
Body Averaging Intake Reference Sediment Ingestion Exposure Exposure Conversion 

Concentration Rate Duration Frequency Matrix Factor Weight Time Factor Dose Hazard 
Chemical (mg/kg) (mdvisit) (years) (visitdyr) Effect (kdmg) (kg) (days) (kglkg-day) (mglkg-day) Quotient 
Antimony 47.05 100 6 25 0.5 15 2 I90 2.288-07 4.00E-04 2.698-02 0.000001 
Aroclor-1254 , 2.424 IO0 6 . 25 0.5 0.000001 15 2190 2.288-07 2.00E-05 2.178-02 
Bis( 2ethylhexyl)phthalate 30.26 100 6 25 1 0.000001 I5 2190 4.578-07 2.008-02 6.918-04 
Silver 95.86 100 6 25 0.5 o.ooooo1 I5 2190 2.288-07 5.008-03 4.388-03 
Vanadium 30.59 IO0 6 25 0.5 o.ooooo1 15 2190 2.288-07 7.008-03 9.988-04 

6.068-02 Total Hazard Index - Child 

Noncarcinogens - Adult 
IF =(IR-A x ED-A x EF x ME x CF)/(BW-A x AT-A) 

HQ = (C x IF)/RfD 

EF ME CF BW-A AT-A IF RfD HQ C IR-A ED-A 

Sediment Ingestion Exposure Exposure Conversion Body Averaging Intake Reference 
Concentration Rate Duration Frequency Mauix Factor Weight Time Factor Dose Hazard 

Chemical (WAQ) (mdvisit) (years) , (visitdyr) Effect (kdmg) 0%) (days) (kglkg-day) (mg/kg-day) Quotient 
Antimony 47.05 50 24 25 0.5 0.000001 70 8760 2.458-08 4.00844 2.888-03 
Aroclor- 1254 2.424 50 24 25 0.5 0.000001 70 8760 ' 2.45E-08 2.00E-05 2.968-03 
B is(2ethylhex yl)phthalate 30.26 50 24 25 1 70 8760 4.898-08 2.00E-02 7.408-05 0.000001 
Silver 95.86 50 24 25 0.5 0.000001 70 8760 2.458-08 5.00E-03 4.698-04 
Vanadium 30.59 50 24 25 0.5 0.000001 70 8760 2.45E-08 7.00E-03 I .07E-04 

Total Hazard Index - Adult 6.498-03 



RME - Time-weighted average pond sediment ingestion 

OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 4 

Nonradionuclide Carcinogens 
IF =([(IR-C x ED-C)/(BW-C) + (IR-A x ED-A)/(BW-A )] x EF x ME x CF)/AT 

CR = C  x IFx SF 

C IR-C ED-C BW-C IR-A ED-A BW-A CF ME EF 
Child A A d t  _."." ."-. 

Sediment Ingestion Exposure BdY Ingestion Exposure BdY Conversion Maaix Exposure 
Concentration Rate Duration Weight , Rate Duration Weight Factor E f f d  Frequency 

Chemical ( d k )  (mglvisit) (years) (kg) (@visit) (years) (kg) (kglmg) (visits/yr) 
Aroclor- 1254 2.424 100 6 15 50 24 . 70 0.000001 0.5 25 
Benzo(a)pyrene 0.383 loo 6 15 50 24 70 0.000001 1 25 
Benzo(b)fluoranthene 0.861 loo 6 15 50 24 70 0.000001 1 25 
Bis(2ethylhexyl)phthalate 30.26 100 6 15 50 24 70 0.000001 1 25 

~ 

AT IF SF CR 

Time Factor Factor Risk 
Averaging Intake Slope CanCer 

Chemical (days) (kglkg-day) (rng/kg-daY) 
Arvclor- 1254 25550 2.808-08 7.70E+00 5.22E-07 
Benzo(a)p yrene 25550 5.598-08 7.30E+00 1.56E-07 
Benzo(b)fluoranthene 25550 5.59E-08 7.30E-01 3.5 1 E-08 

Total Chemical Cancer Risk 7.37E-07 
Bis(2ethylhexyl)phthalate 25550 5.59E-OS 1.4OE-02 2.37E-08 
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RME - Time-weighted average pond sediment ingestion 

Radionuclides 

OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 4 

IF =[(IR-C x ED-C) + (IR-A x ED-A)] x EF x ME x CF 
CR = C  x IF x SF 

C IR-C ED€ IR-A ED-A ME CF EF IF SF CR 

Child Adult 
Sediment Ingestion Exposure Ingestion Exposure Conversion Exposure Intake Slope 

Concentration Rate Duration Rate Duration Matrix Factor Frequency Factor Factor Cancer 
(RisWpCi) Risk Chemical (PCiM (mg/visit) (years) (mg/visi t) (Years) E f f .  (g/mg) (visitdyr) (g) 

Americium-241 99.34 IO0 6 50 24 1 0.001 25 4.50E+OI 3.288-10 1.478-06 
78.3 100 6 50 24 1 0.001 25 4.50E+OI 3.16E-IO 1.1 IE-06 Plutonium-239/240 

Total Radionuclide Cancer Risk 2.588-06 

Total Cancer Risk 3.328-06 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 4 

CT - Streaddry sediment ingestion 

Noncarcinogens - Child 
IF =(IR-C x ED-C x EF x ME x CF)/(BW-C x AT-C) 

HQ = (C x IF)/RfD 

C IR-C ED-C EF ME CF BWC AT-C IF RtD HO 
Sediment Ingestion Exposure Exposure Conversion Body Averaging Intake Reference 

Concentration Rate Duration Frequency Matrix Factor Weight Time Factor Dose Hazard 

Strontium 74.49 50 2 10 1 o.ooooo1 15 730 9.13E-08 6.00E-01 I .  13E-05 
Vanadium 26.66 50 2 10 0.5 0.000001 I5 730 4.578-08 7.00E-03 1.748-04 
zinc 152.6 50 2 10 0.5 0.000001 15 730 4.57E-OS 3.00E-01 2.32E-05 

. Total Hazard Index - Child 2.22844 

Noncarcinogens - Adult 
IF =(IR-A x ED-A x EF x ME x CF)/(BW-A x AT-A) 

HQ = (C x IF)/RfD 

c IR-A ED-A EF ME CF BW-A AT-A IF R r n  HO 

Sediment Ingestion Exposure Exposure Conversion BdY Averaging Intake Reference 
Concentration Rate Duration Frequency Matrix Factor Weight Time Factor Dose Hazard 

Chemical (mg/kg) (mglvisit) (years) (visitdyr) Effect (kglmg) (kg) (days) (kglkg-day) (mglkg-day) Quotient 
Cobalt 8.17 25 7 10 1 0.000001 70 2555 9.788-09 6.00E-02 1.438-06 
Strontium 74.49 25 7 IO 1 0.000001 70 2555 9.188-09 6.00E-01 1.21E-06 
Vanadium 26.66 25 7 10 0.5 0.000001 70 2555 4.898-09 7.00E-03 I .86E-05 
Zinc 152.6 25 7 10 0.5 70 2555 4.89E-09 3.00E-01 2.49E-06 0.000001 

Total Hazard Index - Adult 2.388-05 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 4 

CT - Time-weighted average streaddry sediment ingestion 

Noruadionuclide Carcinogens 

C I R C  ED-C BW-C IR-A ED-A BW-A ' CF ME EF 

Sediment Ingestion Exposure Body Ingestion Exposure B d Y  Conversion Matrix Exposure 
Concentration Rate Duration Weight , Rate Duration Weight Factor Effect Frequency 

Chemical (mS/kg) (mdvisit) (years) (kg) (mglvisit) (years) (kg/mg) (visidyr) 

Child Adult 

Benzo(a)anthracene 0.302 50 2 I5 25 7 (kg) 70 0.000001 I 10 
Benzo(a)p yrene 0.48 50 2 15 25 7 70 0.000001 I I O  
Benzo(b)fluoranthene 0.41 50 2 15 25 7 70 0.000001 1 I O  
Indene( I 2.3cd)pyrene 0.19 50 2 I5 25 7 70 0.00000 I 1 I O  

AT IF SF CR 

Time Factor Factor Cancer 
Averaging Intake Slope 

Chemical (days) (kglkg-day) Il(mglkgday) Risk 

Benzo(a)pyrene 25550 3.59849 7.30E+00 1.268-08 
Benzo(a)anthracene 25550 3.59E-09 7.30E-01 7.91E-10 

Benzo(b)fluoranthene 25550 3.598-09 7.30E-01 1.07E-09 
Indeno(l.2.3cd)pyrene 25550 3.598-09 7.30E-01 4.988- I O  

Total Chemical Cancer Risk 1.49E-08 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 4 

CT - Time-weighted average stmaddry sediment ingestion 

Radionuclides 
IF =[(IR-C x ED-C) + (IR-A x ED-A)] x EF x ME x CF 

C R = C x I F x S F '  

C IR-C ED€ IR-A ED-A ME CF EF IF SF CR 
Child Adult 

Sediment Ingestion Exposure Ingestion Exposure Conversion Exposure Intake Slope 
Concentration Rate Duration Rate Duration Matrix Factor Frequency Factor Factor Cancer 

Chemical (PCW (mglvisit) (years) (mghisit) (Years) Effect wwd (visitdyr) (g) (RisWpCi) Risk 
Americium-24 1 0.66 50 2 25 7 1 0.001 10 2.758+00 3.288-10 5.95E-10 
Plutonium-239R40 1.392 50 2 25 7 1 0.001 10 2.758+00 3.16E-10 1.21E-09 

Total Radionuclide Cancer Risk 1.80E-09 

Total Cancer Risk 1.678-08 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 4 

RME - S W d r y  sediment ingestion 

Noncarcinogens - Child 
IF =(IR-C x ED-C x EF x ME x CF)/(BWC x AT-C) 

H Q  = (C x IF)/RfD 

ME C F  BW-C AT€ IF RfD HQ C IR-C ED-C EF 
Averaging Intake Reference Exposure Conversion Body S e d i i n t  Ingestion Exposure 

Concentration Rate Duration Frequency Matrix Factor Weight Time Factor Dose Hazard 

Strontium 74.49 IO0 6 25 I 0.000001 15 2190 4.57847 6.00E-01 5.67E-05 
Vanadium 26.66 100 6 25 0.5 0.000001 15 2190 2.28E-07 7.00E-03 8.708-04. 
Zinc 152.6 I00 6 25 0.5 0.M)Ool 15 2190 2.28847 3.00E-01 1.16E-04 

1.1 I E-03 Total Hazard Index - Child 

Noncarcinogens - Adult 
IF =(IR-A x ED-A x EF x ME x CF)/(BW-A x AT-A) 

HQ = (C x IF)/RfD 

EF ME C F  BW-A AT-A I F  RfD HQ C IR-A ED-A 
Averaging Intake Reference Exposure Conversion Body S e d i i n t  Ingestion Exposure 

Concentration Rate Duration Frequency Matrix Factor Weight Time Factor Dose Hazard 
Chemical (mglkg) (mg/visit) (years) (visitdyr) EffW W m g )  (kg) (days) (kglkg-day) (mglkg-day) Quotient 
cobalt  8.77 50 24 25 I 0.000001 70 8760 4.89E-08 6.00E-02 7.158-06 
Strontium 74.49 50 24 25 1 70 8760 4.898-08 6.00E-01 6.078-06 0.000001 

Vanadium 26.66 50 24 25 0.5 0.00000 I 70 8760 2.45848 7.00E-03 9.328-05 
Z i C  152.6 50 24 25 0.5 0.000001 70 8760 2.458-08 3.00E-01 1.248-05 

1.19E-04 Total Hazard hdex - Adult 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 4 

RME - Time-weighted avenge stream/dry sediment ingestion 

Nonradionuclide Carcinogens 
IF =([(IR-C x ED-C)/(BW-C) + (IR-A x ED-A)/(BW-A)] x EF x ME x CF)/AT 

CR = C x  IFx SF 

C I R C  ED-C BW-C IR-A ED-A BW-A CF ME EF 

Sediment Ingestion Exposure Body Ingestion Exposure Body Conversion Matrix Exposure 
Concentration Rate Duration Weight Rate Duration Weight Factor Effect Frequency 

Chemical (mgflig) (mg/visit) (years) (kg) (mglvisit) (years) (kg) (kg/mg) (visits/yr) 
Benzo(a)anthracene 0.302 100 6 15 50 24 70 0.000001 1 25 
Benzo(a)pyrene 0.48 100 6 15 50 24 70 0.000001 1 25 
Benzo( b) fluoranthene 0.41 I00 6 I5 50 24 70 0.000001 1 25 
Indeno(l.2.3cd)pyrene 0.19 100 6 15 50 24 70 1 25 0.000001 

Child Adult 

AT IF SF CR 

Time Factor Factor Cancer 
Averaging Intake Slope 

Chemical (days) (kgflig-day) (mgflig-day) Risk 
Benzo(a)anttuacene 25550 5.598-08 7.30E-01 1.23E-08 
Benzo(a)pyrene 25550 5.59E-08 7 .30Em 1.968-07 
Benzo(b)fluoranthene 25550 5.59E-08 7.30E-01 1.67E-08 
Indeno(1,2,3cd)pyrene 25550 5.59E-08 7.30E-01 7.76E-09 

Total Chemical Cancer Risk 2.338-07 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 4 

RME - Time-weighted average stream/dry sediment ingestion 

Radionuclides 
IF =[(IR-C x ED-C) + (IR-A x ED-A)] x EF x ME x CF 

CR = C X  IF x SF 

C IR-C ED-C IR-A ED-A ME CF EF IF SF CR 
Child Adult 

M i n t  Ingestion Exposure Ingestion Exposure Conversion Exposure Intake Slope 
Duration Rate Duration Mathx Factor Frequency Factor F a w  Cancer Concentration Rate 

Chemical (PCW (mdvisit) (years) (mghisit) ( Y e w  EffWt (visitdyr) (g) (RisWpCi) Risk 
Americium-241 0.66 IO0 6 50 24 I 0.001 25 4.50E+01 3.288-10 9.748-09 
Plutonium-239L240 1.392 IO0 6 50 24 I 0.001 25 4.50E+OI 3.16E-IO 1.988-08 

Total Radionuclide Cancer Risk 2.95E-OB 

Total Cancer Risk 2.62847 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 4 

CT - Inhalation of paniculates from streamldry sediment 

Radionuclides 
It: = (IW I ET I EF x ED x D F x  RFx CF)/PEF 

CR = C  x IFx SF 

C IR ET EF ED DF RF CF PEF IF SF CR 
Sedi in t  Inhalation Exposure Exposure Exposure Respiratory Conversion Particulate Intake Slope 

Concentration Rate Time Frequency Duration Deposition Respirable Factor Emission Factor Factor Factor Cancer 
Radionuclide (PCW (m’/day) (hdvisit) (daydyr) (years) Factor Fraction Cpncg) ( m k )  (g) (RisWpCi) Risk . 
Americium-241 0.66 0.83 1.5 10 9 0.85 I 1000 4.638+09 2.068-05 3.858-08 5.23E-13 
~1utonium-2j9~40 1.392 0.83 1.5 IO 9 0.85 1 1000 4.638- 2.068-05 2.788-08 7.968-13 

Total Radionuclide Cancer Risk I .32E-12 

Total Cancer Risk 1.328-12 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 4 

RME - Inhalation of particulates from s t r e d d r y  sediment 

Radionuclides 
IF= (IR x ETx EFx ED x DFx RFx cF)/pEF 

CR=CxIFxSF 

C IR ET EF ED DF RF CF PEF IF SF CR 

Sediment Inhalation Exposure Exposure Exposure R e s p h t o ~  Conversion Particulate Intake Slope 
Concentration Rate Time Frequency Duration Deposition Respinble Factor Emission Factor Factor Factor Cancer 

Radionuclide (PCUg) (m’/day) (hdvisit) (daydyr) (years) Factor Fraction (gncg) (m’kg) 63 (RisklpCi) Risk 
Americium-24 I 0.66 I .4 5 25 30 0.85 1 lo00 4.638+09 9.648-04 3.858-08 2.4SE-11 

25 30 0.85 I lo00 4.638+09 9.648-04 2.788-08 3.738-1 1 Plutonium-239L240 1.392 I .4 5 
Total Radionuclide Cancer Risk 6. I8E- I 1 

Total Cancer Risk 6. I8E- I 1 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 4 

CT - Dermal contact with pond sediment 

Noncarcinogens 
IF= (SA x FC x AD x AB x EF x ED X CF)/(BW x AT) 

HQ = (C x IF)/RfD 

C SA FC AD AB EF ED CF BW AT 

Concentration SurfaceArea Fraction Adherence Skin Frequency Duration Factor Weight Time 

Chemical (mglkg) (m’) Contaminated (@an2) Absorption (daydyr) (years) (kg/mg) (kg) (days) 

sediment Skin soil Exposure Exposure Conversion Body Averaging 

Aroclor-I 254 2.424 2000 0.5 0.2 0.06 10 9 0.000001 70 3285 
Bis( 2ethylhexyl)phthalate 30.26 2000 0.5 0.2 0.01 10 9 0.000001 70 328s 

IF RfD HQ 
Intake Reference 
Factor Dose Hazard 

Chemical (kglkg-day) (mg/lrg-day) Quotient 
Aroclor- 1254 4.708-09 2.00E-OS 5.698-04 
Bis(2ethylhexyl)phtate 7.838- IO 2.00E-02 1.18E-06 

Total Hazard Index 5.108-04 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 4 

CT - Dermal contact with pond sediment 

Nonradionuclide carcinogens 
I F =  (SA t IT 1 AI) t AB x E F x  EDx CFY(BWx AT) 

CR = C x IF x SF 

C SA FC AD AB EF ED CF BW AT 
Sedunent Shn Sod Exposure Exposure Conversion Body Averagmg 

Concentribon SurfaceArea Fractlon Adherence Skm Frequency Duratlon Factor Weight Tune 
Chemcal bg/kg) (an2) Contanumed (rnplan2) Absorphon (daydyr) (years) (kplrng) (kg) (days) 
Aroclor- 1254 2 424 2000 os  0 2  006 10 9 OOOOOOI 70 25550 
Bis(2ethylhexyl)phtate 30 26 2000 0 5  0 2  0 01 10 9 OOOOOOI 70 25550 

IF SF CR 
Intake Slope 
Factor Factor Cancer 

Chemical (kg/kg-day) IKrnglkg-day) Risk 
Aroclor- 1254 6.04E- IO 7.70E+00 1.13E-08 
Bis(2ethylhexyl)phtate 1 .OIE- 10 I .40E-02 4.268-1 1 

Total Cancer Risk I .  13E-08 



OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 4 

RME - Demal contact with pond sediment 

Noncarcinogens . 
IF= (SA x FC x AD x AB x EF x ED x CF)/(BW x AT) 

HQ = (C x IF)/RfD 

C SA FC AD AB EF ED CF BW AT 

M i n t  Skin Soil - Exposure Exposure Conversion Body Averaging 
Concentration SurfaceAm Frauion Adherence Skin Frequency Duration Factor Weight T i  

Chemical (mg/kg) (m2) Contaminated .(mp/cm2) Absorption (daydyr) (years) W m g )  (kg) (days) 
Aroclor- 1254 2.424 5300 I 1 0.06 25 30 0.000001 70 IO950 
Bis(2ethylhexyl)phtate 30.26 5300 I '  1 0.01 25 30 0.000001 70 10950 

I$ RfD HO 
Intake Reference 
Factor Dose Hazard 

Chemical (kgflcg-day) (mglkg-day) Quotient 
Aroclor- 1254 3.1 IE-07 2.00E-05 3.77842 
Bis(2ethylhexyl)phtate 5.19E-08 2.00E-02 7.858-05 

Total Hazard Index 3.788-02 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 4 

RME - Dermal contact with pond d i n t  

Nonradionuclide carcinogens 
IF= (SA x FC x AD x AB x EFx ED x CF)/(BW x AT) 

CR = C  x IFx SF 

C SA FC AD AB EF ED CF BW AT 
Sediment Skin Soil Exposure Exposure Conversion Body Averaging 

Concentration SurfaceAm Fraction Adherence Skin Frequency Duration Factor Weight Time 
Chemical (mgllrg) (cm2) Contaminated (wan2) Absorplon (daydyr) (years) (kg/mg) (kg) (days) 
Aroclor- 1254 2.424 5300 1 1 0.06 25 30 0.000001 10 25550 
Bis(2ethylhexyl)phthalate 30.26 5300 I I 0.01 25 30 0.000001 70 25550 

Factor Factor CZUlCer 
Chemical (keke-dav) I/(mekedav) Risk 
Aroclor- I254 1.338-07 7.708+00 2.498-06 
Bis(2ethylhexyl)phtate 2.228-08 I .40E-02 9.42849 

Total Cancer Risk 2.508-06 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 4 

a - Ingestion of surface watei 

Noncarcinogens 
IF= (IR x ET x EF x ED)/(BW x AT) 

HQ= (C x IF)/RfD 

IR ET EF ED BW AT IF IUD HQ C 

Surfacewater lngestion Exposure Exposure Exposure Body Averaging Intake Reference 
Concentration Rate Time Frequency Duration Weight Time Factor Dose Hazard 

Antimony 9.698-08 0.025 0.5 5 9 70 3285 2.45E-06 4.00E-04 ' 5.93E-10 
Chlorofom 0.002 0.025 0.5 5 9 70 3285 2.458-06 1 BOE-02 4.898-07 
Di-n-butylphthalate 0.001 0.025 0.5 5 9 70 3285 2.458-06 l.OOE-O1 2.45E-08 

Total Hazard Index 1.20E-06 

(ACC40PS.XI.S SWJNGXB114195 LOO PM) Shect I of 4 



OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 4 

CT - Ingestion of surface water 

Nonradionuclide carcinogens 
IF = (IR x ET x EF x ED)/(BW x AT) 

CR = C  x IF x SF 

C IR ET EF ED BW AT IF SF CR 
Surfacewater Ingestion Exposure Exposure Exposure Body Averaging Intake .Slope 
Concentration Rate Time Frequency Duration Weight Time Factor Factor CanCer 

chemical (mgn) (W (May)  (days/yr) (years) 0%) (days) (&day) I/(mg/kgday) Risk 
chlorofom 0.002 0.025 0.5 5 9 70 25550 3.15847 6.10E-03 3.848-12 
Trichloroethene 0.00296 0.025 0.5 5 9 70 25550 3.158-07 l.lOE-02 1.02E-ll 

Total Chemical Cancer Risk 1.41E-11 7 

Radionuclides 
IF= IR x ETx EF x ED 

CR = C  x IF x SF 

C IR ET EF ED IF SF CR 
Surfacewater Ingestion Exposure Exrposure Exposure Intake Slope 
Concentration Rate Time Frequency Duration Factor Factor Cancer 

Radionuclide CpCln) (W (hr/day) (days/yr) (years) (I) (RisWpCi) Risk 
Americium-241 0. I67 0.025 0.5 5 9 5.638-01 3.288-10 3.08E-11 
Plutonium-239l240 0.069 0.025 0.5 5 9 5.638-01 3.16E-10 1.23E-ll 

Total Radionuclide Cancer Risk 4.3 1E- I 1 

Total Cancer Risk 5.72E-1 I 



(AOC4OPS.XLS SW-INGKB114.95 903 PM) 

OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 4 

RME - Ingestion of surface water 

Noncarcinogens 
IF= OR x ETx E F x  ED)/(BW x AT) 

HQ = (C x IF)/RfD 

C IR ET EF ED BW AT IF RfD HQ 
Surfacewater Ingestion Exposure Exposure Exposure Body Averaging Intake Reference 
Concentration Rate Time Frequency Duration Weight Time Factor Dose Hazard 

Chemical (mgn) (m) (hr/day) (days/yr) (years) (kg) (days) (mg-day) (mg/kg-day) Quotient 
1 .2 -Dich lo~~ the~  0.00253 0.05 1 15 30 70 10950 2.94E-05 9.00E-03 8.25846 
Antimony 9.69E-08 0.05 1 15 30 70 10950 2.94E-05 4.00E-04 7.1 1E-09 
chlomfonll 0.002 0.05 1 15 30 70 10950 2.94845 1.00E-02 5.878-06 
Di-n-butylphthalate 0.001 0.05 I 15 30 70 10950 2.948-05 1.00E-01 2.948-07 

Total Hazard Index 1.44E-05 
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RME - Ingestion of surface water 

Nodionuclide carcinogens 

OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 4 

IF = (IR x ET x EF x ED)I(BW x AT) 
CR = C  x IFx SF 

r IR ET EF En R W  A T  IF SF rR 

Surfacewater Ingestion Exposure Exposure Exposure Body Averaging Intake Slope 
Concentration Rate T i  Frequency Duration Weight Time Factor Factor Cancer 

Chemical (W) (Mu) (h/day) (days&) (Years) (kg) (days) (Vkg-day) Il(mglkg-day) Risk 
Chloroform 0.002 0.05 I 15 30 70 25550 1.26E-05 6.10E-03 I.53E-IO 
Trichloroethene 0.00296 0.05 1 I5 30 70 25550 1.26E-05 l.lOE-02 4.10E-IO , 

Total Chemical Cancer Risk 5.63E-10 

Radionuclides 
IF= IR x ET x EF x ED 

CR = C  x IFx SF 

C IR ET EF ED IF SF CR 
Surfacewater Ingestion Exposure Exposure Exposure Intake Slope 
Concentration Rate Time Frequency Duration Factor Factor Cancer 

Radionuclide (pein, (Mu) ( M W  (daydyr) (years) (I) . ( W p C i )  Risk 
Americium-241 0.167 0.05 1 I5 30 2.258+01 3.288-10 1.238-09 
Plutonium-239n40 0.069 0.05 I I5 30 2.25E+Ol 3.16E-10 4.91E-IO 

Total Radionuclide Cancer Risk I .72E-09 

. .  

Total Cancer Risk 2.298-09 
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OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 4 

CT - Dermal contaa with surface water 

Noncarcinogens 
IF= (SA x DPx ETx EF x ED x CF)/(BW x AT) 

HQ = (C x IF)/RtD 

C SA DP ET EF ED CF BW AT IF RtD HQ 
Surface Water Skin Dermal Exposure Exposure Exposure Conversion Body Averaging Intake Reference 
Concentration SurfaceArea Permeability Time Frequency Duration Factor Weight Time Factor Dose Hazard 

Chemical (mgn) (cm3 (cm/hr) (hr/day) (daylyr) (years) (Vcm’) (kg) (days) (ykgday) (mgflrg-day) Quotient 
1.2-DichloroetJ1ene 0.00253 4550 0.01 0.5 5 9 0.001 70 3285 4.45E-06 9.00E-03 1.258-06 
Chloroform 0.002 4550 0.13 0.5 5 9 0.001 70 3285 5.79E-05 1.00E-02 1.16E-05 
Di-n-butyl phthalate 0.001 4550 0.07 0.5 5 9 0.001 70 3285 3.128-05 I.OOE-01 3.128-07 

Total Hazard Index 1.31E-05 

Nomdionuclide carcinogens 
IF=(SA x DPx ET x EFx ED x CF)/(BW x AT) 

CR = C x IF x SF 

C SA DP ET EF ED CF BW AT IF SF CR 
Surface Water skin Dermal Exposure Exposure Exposure Conversion Body Averaging Intake Slope 
Concentration Surface Area Permeability Time Frequency Duration Factor Weight Time Factor Factor Cancer 

Chemical (mg/l) (Cm3 ( c m )  (hrlday) (daylyr) (years) (Ucm’) (kg) (days) (vkgday) I/(mglkgday) Risk 
Chloroform 0.002 4550 0.13 0.5 5 9 0.001 70 25550 7.448-06 6.10E-03 9.08E-I1 
Trichloroethene 0.00296 4550 0.23 0.5 5 9 0.001 70 25550 1.32E-05 1 .IOE-02 4.298-10 

Total Cancer Risk 5 .  I9E- 10 



OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 4 

R M E  - Dermal contact with surface water 

Noncarcinogens 
IF= (SA x DPx ETx EFx ED x CF)/(BW x AT) 

HQ = (C x lF)/RtD 

ET EF ED CF BW AT IF RfD HQ C SA DP 
Surfacewater Skin Dermal Exposure Exposure Exposure Conversion Body Averaging Intake Reference 
Concentration SurfaceArea Permeability Time Frequency Duration Factor Weight Time Factor Dose. Hazard 

Chemical (mgn) (cm’) ( c h )  (MW (daylyr) (years) (Vcm’) (kg) (days) (Vkgday) (mglkgday) Quotient 
1.2-Dichloroethene 0.00253 9275 0.01 1 15 30 0.001 70 10950 5.45E-05 9.00E-03 1.53E-05 
chloroform 0.002 9275 0.13 1 15 30 0.001 70 10950 7.088-04 1.00E-02 1.428-04 
Di-n-butylphthalate 0.00 I 9275 0.07 1 15 30 0.00 I 70 10950 3.818-04 1.00E-01 3.818-06 

Total Hazard Index 1.61E-04 

Nonradionuclide carcinogens 
IF= (SA x DPx ETx EFx ED x CF)/(BW x AT) 

CR = C  x IFx SF 

C SA DP ET EF ED CF BW AT IF SF CR 
Surfacewater Skin Dermal Exposure Exposure Exposure Conversion Body Averaging Intake Slope 
Concentration SurfaceArea Permeability Time Frequency Duration Factor Weight Time Factor Factor Cancer 

Chemical (mgn) (Cm2) ( c m )  (hr/(lay) (daY/Yr) (years) (Vcm’) (kg) (days) (Vkgday) I/(mgkgday) Risk 
chloroform 0.002 9275 0.13 I 15 30 0.001 70 25550 3.038-04 6.10E-03 3.708-09 
Trichloroerhene 0.00296 9275 0.23 I 15 30 0.00 I 70 25550 5.378-04 l.lOE-02 1.758-08 

Total Cancer Risk 2.12E-08 
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OPEN SPACE RE d ATIONAL USE 
AREA OF CONCERN NO. 4 

CT - External irradiation from srream/dry sediment 

IF= TF x GSF x EFx ED 
CR = C x IF x SF 

C TF GSF EF ED IF SF CR 
Soil ' GammaTm GalNM Exposure Intake Slope 

Concentration Factor Shielding Factor Percent of year Duration Factor Factor Cancer 
Radionuclide (Pcilg) (T3 ( I -a Exposed (years) (years) (I/pCi-yr/g) Risk 
Americium-241 0.66 0.1 0.8 0.03 9 2.36E-02 4.598-09 6.54E-1 I 
Plutonium-239L240 1.392 0.1 0.8 0.03 9 2.16E-02 1.37E-ll 4.12E-13 

Total Cancer Risk 6.588-1 1 

RME - External irradiation from s t r e a d d r y  sediment 

IF= TF x GSFx E F x  ED 
CR = C  x IFx SF 

C TF GSF EF ED IF SF CR 
soil Gamma Time GalNM Exposure Intake Slope 

Concentration Factor Shielding Factor Percent of year Duration Factor Factor Cancer 
Radionuclide (PcW (TJ (I-SJ Exposed (years) (years) (I/PCi-yr/p) Risk 
Americi~m-241 0.66 0.2 1 0.07 30 4.20E-01 4.598-09 1.27E-09 
PIutoniUm-239R40 1.392 0.2 I 0.07 30 4.20E-01 1.37E-I1 8.01E-12 

Total Cancer Risk 1.288-09 
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CHEMICALS OF INTEREST IN GROUNDWATER 
RESIDENTIAL EXPOSURE 

AOC NO. 2 

CT - Groundwater Ingestion 

Noncarcinogens 
IF = (IR x FC x EF x ED)/(BW x AT) 

HQ = (C x IF)/RfD 

Groundwater Ingestion Fradion Exposure Exposure Body Averaging Intake Reference 
Concentration Rate Ingested Frequency Duration Weight Time Factor Dose Hazard 

Chemical ( m d )  (Vday) fromSwrce (days@) (years) (kg) (days) (Vkg-day) (mgntg-day) Quotient 
Antimony 0.0165 I .4 0.3 2 34 9 70 3285 3.858-03 4.00E-04 I S9E-01 
Arsenic 0.00248 1.4 0.3 234 9 70 3285 3.85E-03 3.008-04 3.18E-02 
Beryllium 0.001 I .4 0.3 2 34 9 i o  3285 3.858-03 5.00E-03 7.69E-04 
Manganese (in water) 1.448 I .4 0.3 234 9 70 3285 3.858-03 5.00E-03 I .  I 1 E+OO 

Total Hazard Index 1.3 I E+OO 

Nonradionuclide Carcinogens 
IF = (IR x FC x EF x ED)/(BW x AT) 

CR = C x IF x SF 

C IR FC EF ED BW AT IF SF CR 

Groundwater Ingestion Fraction Exposure Exposure Body Averaging Intake Slope 
Concentration Rate Ingested Frequency D d o n  Weight Time Factor Factor Cancer 

Chemical (m@) fromSo- (daydyr) (years) 0%) (days) (Vkg-day) I/(mglkgday) Risk 
Antimony 0.0165 1.4 0.3 234 9 70 25550 4.958-04 
Arsenic . 0.00248 I .4 0.3 234 9 70 25550 4.958-04 I .708+00 2.098-06 

Beryllium 0.001 I .4 0.3 2 34 9 70 25550 4.95E-04 4.30E+00 2.138-06 
Manganese (in water) 1.448 I .4 0.3 234 9 70 25550 4.958-04 

Total Cancer Risk 4.218-06 
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CHEMICALS OF INTEREST IN GROUNDWATER 
RESIDENTIAL EXPOSURE 

AOC NO. 2 

RME -Groundwater Ingestion 

Noncminogens 
IF = (IR x FC x EF x ED)/(BW x AT) 

HQ = (C x IF)/RfD 

c 1R FC EF ED BW AT IF RfD HQ 
Groundwater Ingestion Fraction Exposure Exposure Body Averaging Intake Reference 
Concentration Rate Ingested Frequency Duration Weight Time Factor Dose Hazard 

Chemical ( m a )  f r o m s m e  (daydyr) (years) (kg) (days) (vkg-day) (mglkgday) Quotient 
Antimony 0.01 65 2 I 350 30 70 10950 2.748-02 4.00E-04 1.13E+00 

3.00E-04 2.268-01 
5.00E-03 5.488-03 

Manganese (in water) I .448 2 1 350 30 70 10950 2.748-02 5.00E-03 7.938+00 

2.748-02 A M N C  0 00248 2 1 350 30 70 10950 
Beryllium 0.001 2 I 350 30 70 10950 2.748-02 

Total Hazard Index 9.30E+00 

Nonradionuclide Carcinogens 
IF = (IR x FC x EF x ED)/(BW x AT) 

CR = C  x IFx SF 

Concentration Rate Ingested Frequency Duration Weight Time Factor Factor Cancer 
Chemical (mgfl) (Vday) fromSource (daydyr) (years) (kg) (days) (likgday) Il(mg/kgday) Risk 
Antimony 0.0165 2 I 350 30 70 25550 I .  I7E-02 
Arsenic 0.00248 2 1 350 30 70 25550 1.17E-02 1.70E+00 4.958-05 
Beryllium 0.001 2 1 350 30 70 25550 1.17E-02 4.30E+00 5.058-05 
Manganese (in water) 1.448 2 ' 1  350 30 70 25550 1.17E-02 

Total Chemical Risk I .00E-04 
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CHEMICALS OF INTEREST IN GROUNDWATER 
RESIDENTIAL EXPOSURE 

BACKGROUND 

CT - Groundwater Ingestion 

Noncarcinogens 
IF = I IR  8 FC 8 EF x EDV(BW x AT) 

Ily = tC x IFyRfD 

Concentration Rate Ingested Frequency Duration Weight Time Factor Dose Hazard 

Chemical (mgn) (Vday) fromSource (daydyr) (years) (kg) (days) Wkg-day) (mg/kg-W Quotient 
Antimony 0 017 I .4 0.3 234 9 70 3285 3.858-03 4.00E-04 I .63E-01 
Arsenic 0 002 I .4 0.3 234 9 70 3285 3.858-03 3.00E-04 2.568-02 
Beryllium 0.001 1.4 0.3 234 9 70 3285 3.85843 5.00E-03 7.698-04 
Manganese (in water) 0.1 12 I .4 0.3 234 9 70 3285 3.85843 5.00E-03 8.62842 

Total Hazard Index 2.768-01 

Nonradionuclide Carcinogens 

IF = (IR x FC x EF x ED)/(BW x AT) 

CR = C x IF x SF 

C IR FC EF ED BW AT IF SF CR 

Groundwater Ingestion Fraction Exposure Exposure Body Averaging Intake Slope 
Concentration Rate Ingested Frequency Durahon Weight Time Factor Factor Cancer 

Chemical (mgn) (Vday) fiomSource (daydyr) (years) (kg) (days) (Ukgday) Il(rnglkg-day) Risk 
Antimony 0.017 1.4 0.3 234 9 70 25550 4.958-04 
Arsenic 0.002 I .4 0.3 234 9 70 25550 4.958-04 I .708+00 1.688-06 
Beryllium 0.001 I .4 0.3 234 9 70 25550 4.958-04 4.308+00 2. 138-06 

3.8 I E-06 
Manganese (in water) 0.1 12 I .4 0.3 234 9 70 25550 4.958-04 

Total Cancer Risk 
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CHEMICALS OF INTEREST IN GROUNDWATER 
RESIDENTIAL EXPOSURE 

BACKGROUND 

RME - Groundwater Ingestion . 

Noncarcinogens 
IF = (IR x FC x EF x ED)/(BW x AT) 

HQ = (C x IF)/RfD 

EF ED BW AT IF RfD HQ C IR FC 

Groundwater Ingestion Fraction Exposure Exposure Body Averaging Intake Reference 
Concentration Rate Ingested Frequency Duration Weight Time Factor Dose Hazard 

Chemical (mgn) (Vday) fromSource (daydyr) (years) (kg) (days) (vkg-day) (mglkg-day) Quotient 
Antimony 0.017 2 1 

Arsenic 0.002 2 I 
Beryllium 0.001 2 I 350 30 70 10950 
Manganese (in water) 0.1 12 2 1 350 30 70 10950 

350 30 70 10950 2.74E-02 4.00E-04 1.16E+00 
350 30 70 I0950 2.748-02 3.00E-04 1.83E-01 

2.748-02 5.00E-03 5.48E-03 
2.748-02 5.00E-03 6.14E-01 

Total Hazard Index I .97E+00 

Nonradionuclide Carcinogens 
IF = (IR x FC x EF x ED)/(BW x AT) 

CR = C  x IFx SF 

C IR FC EF ED BW AT IF SF CR 

Groundwater Ingestion Fraction Exposure Exposure Body Averaging Intake Slope 
Concentration Rate Ingested Frequency Duration Weight Time Factor Factor Cancer 

Chemical (mgn) fromS- (daydyr) (years) (kg) (days) (lkgday) Il(mg/kg-day) Risk 
Antimony 0.0 I7 2 1 350 30 70 25550 1.17E-02 
Arsenic 0.002 2 1 350 30 70 25550 1.  I7E-02 I .70E+00 3.998-05 
Beryllium 0.001 2 I 350 30 70 25550 I .17E-02 4.30E+00 5.05E-05 
Manganese (in water) 0.1 12 2 1 350 30 70 25550 1. I7E-02 

Total Chemical Risk 9.048-05 
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CT - Groundwater Ingestion 

Nonradionuclide Carcinogens 

VINYL CHLORIDE IN GROUNDWATER 
RESIDENTIAL EXPOSURE 

AOC NO. 2 

IF= (IR x FC x EFx ED)/(BW x AT) 

CR = C  x IFx SF 

. 

C IR FC EF ED BW AT IF SF CR 

Groundwater Ingestion Frauion Exposure Exposure Body Averaging Intake Slope 
Concentration Rate Ingested Fquency Duration Weight Time Factor Factor cancer 

Chemical ( m g )  fromsourCe (daydyr) (years) (kg) (days) (Vkgday) I/(mgntgday) Risk 
Vinyl chloride 0.461 1.4 0.3 234 9 70 25550 4.958-04 1.90E+00 4.338-04 

Total cancer Risk 4.33E-04 

RME - Groundwater Ingestion 

Nodonuclide Carcinogens 
IF = (IR x FC x EF x ED)/(BW x AT) 

CR = C  x IFx SF 

C IR FC EF ED RW AT IF SF r R  

Groundwater Ingestion Frauion Exposure Exposure Body Averaging Intake Slope 
Concentration Rate Ingested Frequency Duration Weight Time Factor Factor cancer 

Chemical ( m g )  (May) fromSource (daydyr) (years) (kg) (days) (Vkgday) I/(mglkgday) Risk 
Vinyl chloride 0.46 1 2 1 350 30 70 25550 I .  I7E-02 1.90E+00 I .03E-02 

Total Chemical Risk I .03E-02 
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ARSENIC IN STREAM/DRY SEDIMENT 
OPEN SPACE RECREATIONAL USE 

AOC NO. 3 

CT - Streanddry sediment ingestion 

Noncarcinogens - Child 
IF =(IR-C x ED-C x EF x ME x CF)/(BW-C x AT-C) 

HQ = (C x IF)/RfD 

C IR-C ED-C EF ME CF BWC AT-C IF RfD HQ 
Sediment Ingestion Exposure Exposure Conversion Body Averaging Intake Reference 

Concenuation Rate Duration Frequency Matrix Factor Weight Time Factor Dose Hazard 
Chemical (mglkg) (mdvisit) (years) (visitdyr) Effect (kdmg) (kg) (days) (kglkg-day) (mglkg-day) Quotient 

1.928-03 
Arsenic 6.49 15 2 10 0.5 0.000001 15 730 8.898-08 3.00E-04 1.92E-03 

Total Hazard Index - Child 

Noncarcinogens - Adult 
IF =(IR-A x ED-A x EF x ME x CF)/(BW-A x AT-A) 

HQ = (C x IF)/RfD 

C IR-A ED-A EF ME CF BW-A AT-A IF RfD HQ 
Sediment Ingestion Exposure Exposure Conversion Body Averaging Intake Reference 

Concentration Rate Duration Frequency Matrix Factor Weight Time Factor Dose Hazard 
Chemical (ww (mdvisit) (years) (visitdyr) Effect (kdmg) (kg) (days) (kglkgday) (mglkg-day) Quotient 

Total Hazard Index - Adult 3.398-05 
Amnic 6 49 R 1 in  n <  n nnnnni. i n  7.555 1.578-09 3.00E-04 3.39E-05 
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ARSENIC IN STREAM/DRY SEDIMENT 
OPEN SPACE RECREATIONAL USE 

AOC NO. 3 

CT - Time-weighted average streaddry sediment ingestion 

Nonradionuclide Carcinogens 

I '  

IF =[(IR-C x ED-C)/(BW-C) + (IR-A x ED-A)/(BW-A) 1 x (EF x ME x O / A T  
CR = C  x IF x SF 

C IR-C ED€ BW-C IR-A ED-A B W-A CF ME EF 

Child Adult 
M i n t  Ingestion Exposure Body . Ingestion Exposure Body Conversion Matrix Exposure 

Concentration Rate Duration Weight Rate Duration Weight Factor Effed Fquency 
Chemical (mg/kg) (mdvisit) (years) (kg) (rnglvisit) (years) (kg) (kglrng) (visitslyr) 
Arsenic 6.49 15 2 15 8 7 70 0.000001 0.5 10 

AT IF SF CR 
Averaging Intake Slope Cancer 

Time Factor Factor Risk 
Chemical (days) (kg/kg-day) Mmgntg-day) 
Arsenic 25550 5.488-10 1.70E+00 6.058-09 

Total Chemical Cancer Risk 6.OSE-09 
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ARSENIC IN STREAM/DRY SEDIMENT 
OPEN SPACE RECREATIONAL USE 

AOC NO. 3 

RME - S W d t y  sediment ingestion 

Noncarcinogens - Child 
IF =(IR-C x ED-C x EF x ME x CF)/(BW-C x AT-C) 

HQ = (C x Im/RfD' 

C IR-C ED€ EF ME CF BWC AT€ IF Rm HQ 
Body Averaging Intake Reference Sediment Ingestion Exposure Exposure Conversion 

Con ce n trati on Rate Duration Frequency Matrix Factor Weight Time Factor Dose Hazard 

Noncarcinogens - Adult 
IF =(IR-A x ED-A x EF x ME x CF)/(BW-A x AT-A) 

HQ = (C x IF)/RfD . 

- c  IR-A ED-A EF ME CF BW-A AT-A IF IUD HQ 
Sediment Ingestion Exposure Exposure Conversion Body Averaging Intake Reference 

Concentration Rate Duration Frequency Matrix Factor Weight Time Factor Dose Hazard 
Chemical (mglvisit) (years) (visitdyr) E f f d  (kglmg) (kg) (days) (kg/kg-day) (mgflrg-day) Quotient 
Arsenic 6.49 50 24 25 0.5 o.ooooo1 70 a m  2.45848 3.00E-OQ 5.298-04 

Total Hazaid Index - Adult 5.29E-04 
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Averaging Intake Slope Cancer 
Time Factor Factor Risk 

Chemical (days) (kgntg-day) (mglkg-day) 
Arsenic 25550 2.808-08 1.70E+00 3.088-07 

Total Chemical Cancer Risk 3.088-07 

ARSENIC IN STREAM/DRY SEDIMENT 
OPEN SPACE RECREATIONAL USE 

AOC NO. 3 

RME - Time-weighted average stream/dry sediment ingestion 

Nodionuclide Carcinogens 
IF =([(IR-C x ED-C)/(BW-C) + (IR-A x ED-AY(BW-A)] x EF x ME x O / A T  

CR=CxIFxSF  

C IR-C ED-C BW-C IR-A ED-A BW-A CF ME EF 

Child Adult 
S e d i i n t  Ingestion Exposure Body Ingestion Exposure Body Conversion Matrix Exposure 

.Concentration Rate Duration Weight Rate Duration Weight Factor Effect Frequency 

AT IF SF CR 
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ARSENIC IN STREAM/DRY SEDIMENT 
OPEN SPACE RECREATIONAL USE 

AOC NO. 4 

CT - Streaddry sediment ingestion 

Noncarcinogens - Child 
IF =(IR-C x ED-C x EF x ME x CF)/(BW-C x AT-C) 

HQ = (C x IF)/RfD 

EF ME CF BW-C AT-C IF RfD HQ C IR-C ED-C 

Sediment Ingestion Exposure Exposure Conversion Body Avetagmg Intake Reference 
Concentration Rate Duration Frequency Matrix Factor Weight Time Factor Dose Hazard 

Chemical (mgntg) (mdvisit) (years) (visitdyr) Effect (kg/mg) (kg) (days) (kg/kg-day) (mgflcg-day) Quotient 

1.09E-03 
AIXniC 4.88 15 2 IO 0.5 o.Ooo001 15 730 6.688-08 3.00E-04 1.09E-03 

Total Hazard Index - Child 

Noncarcinogens - Adult 
IF =(IR-A x ED-A x EF x ME x CF)/(BW-A x AT-A) 

HQ = (C x IF)/RfD 

ED-A EF ME CF BW-A AT-A IF RfD HQ C IR-A 

Sediment Ingestion Exposure Exposure Conversion Body Averaging Intake Reference 
Concentration Rate Duration Frequency Matrix Factor Weight Time Factor Dose Hazard 

Chemical (m&) (mdvisit) (years) (visitdyr) Effect (kglmg) (kg) (days) (kg/kg-day) (mgntg-day) Quotient 
Arsenic 4.88 8 7 IO 0.5 o.Ooooo1 70 2555 1.578-09 3.00E-04 2.55E-05 

Total Hazard Index - Adult 2.558-05 
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ARSENIC IN STREAhWDRY SEDIMENT 
OPEN SPACE RECREATIONAL USE 

AOC NO. 4 

CT - Time-weighted average sueddry sediment ingestion 

Nonradionuclide Carcinogens 
IF =[(IR-C x ED-C)/(BW-C) + (IR-A x ED-A)/(BW-A) ] x (EF x ME x CF)/AT 

CR = C x IF x SF 

C IR-C ED€ BW-C IR-A ED-A BW-A CF ME EF 

Child Adult 
Sediment Ingestion Exposure Body Ingestion Exposure Body Conversion Matrix . Exposure 

Concentration Rate Duration Weight Rate Weight Factor Effect Frequency Duration 
Chemical (mglkg) (mdvisit) (years) (kg) (kg) Orp/mg) (visitdyr) (mg/visit) (years) 
Arsenic 4.88 15 2 15 8 7 70 . 0.000001 0.5 10 

AT IF SF CR 
Averaging Intake Slope Cancer 

Time Factor Factor Risk 
Chemical (days) (kglkg-day) Mmglkg-day) 
Arsenic 25550 5.488-10 1 .70Em 4.55E-09 

Total Chemical Cancer Risk 4.558-09 



ARSENIC IN STREAWRY SEDIMENT 
OPEN SPACE RECREqTIONAL USE 

AOC NO. 4 

RME - Stream/dry sedimen! ingestion 

Noncarcinogens - Child 
IF =(IR-C x ED-C x EF x ME x CF)/(BW-C x AT-C) 

HQ = (C x IF)/RfD 

C I R C  ED-C EF ME CF BW-C AT€ IF m HQ 
Sediment Ingestion Exposure Exposure Conversion B d Y  Averaging Intake Reference 

Concentmion Rate Duration Frequency Mauix Factor Weight Time Factor Dose Hazard 
Chemical (WZk) (mdvisit) ' (years) (visitdyr) Effect (kg/mg) (kg) (days) (kg/kg-day) (mg/kg-da~) Quotient 
Arsenic 4.88 100 6 25 0.5 0.000001 15 2190 2.28E-M 3.00E-04 3.718-03 

~~ 

Total Hazard Index - Child 3.7 1E-03 

Noncaminogens - Adult 
IF =(IR-A x ED-A x EF x ME x O/(BW-A x AT-A) 

HQ = (C x 1F)RfD 

C IR-A ED-A EF ME CF BW-A AT-A IF m HQ 
Sediment Ingestion Exposure EXpoSUre Conversion B d Y  Averaging Intake Reference 

Concenuation Rate Duration Frequency Matrix Factor Weight T i m  Factor Dose Hazard 
Chemical (mglkg) (mglvisit) (years) (visitdyr) Effect (kg/mg) (kg) (days) (Wg-day) (mglkg-da~) Quotient 

Total Hazard Index - Adult 3.98E-04 
Arsenic 4.88 50 24 25 0.5 0.000001 70 8760 2.45E-08 3.00E-04 3.98E-04 

(ASSTSED.XLS a a  4)(8/13/95 507 PM) 



ARSENIC IN STREAM/DRY SEDIMENT 
OPEN SPACE RECREATIONAL USE 

AOC NO. 4 

RME - Time-weighted average st readdry  sediment ingestion 

Nomdionuclide Carcinogens 
IF =([(IR-C x ED-C)/(BW-C) + (IR-A x ED-Ay(BW-A)] x EF x ME x CF)/AT 

CR = C  x IF x SF 

C IR-C ED-C BW-C IR-A ED-A BW-A CF ME EF 

Child Adult 
Sedi in t  Ingestion Exposure Body Ingestion Exposure BdY Conversion Matrix Exposure 

Concentration Rate Duration Weight Rate Duration Weight Factor Effect Frequency 
Chemical ( ~ g l k g )  (mglvisit) (years) 0%) (mglvisit) (years) (kg) (kglmg) (visiklyr) 
Arsenic 4.88 100 6 15 50 24 70 0.000001 0.5 25 

Averaging Intake Slope Cancer 
Time Factor Factor Risk 

Chemical (days) (kglkg-day) (mglkg-day) 
A I X n i C  25550 2.80E-08 I .70E+00 2.32E-07 

Total Chemical Cancer Risk 2.328-07 

(ASSl3ED.X 4)(8/Iy95 5:01 PM) @ 
Sheel 4 of 4 



ARSENIC IN BACKGROUND STREAM SEDIMENT 
OPEN SPACE RECREATIONAL USE 

CT- Streamldry sediment ingestion 

Noncarcinogens - Child 
IF =tIR.C x El) C x El: x ME I CR/(BW-C x AT-C) 

110 = IC x IFVRIT) 

C IR-C ED-C EF ME CF BW-C AT-C IF RfD HQ 
Sediment Ingestion Exposure Exposure Conversion Body Averaging Intake Reference 

Concenuation Rate Duration Frequency Matrix Factor Weight Time Factor Dose Hazard 
Chermcal (mg/kg) (mglvisit) (years) (vrsitdyr) Effect (kg/mg) (kg) (days) (kg/kg-day) (mgkg-day) Quotient 

1.10E-03 
Arsenic 4.9 15 2 10 0.5 o.ooooo1 15 730 6.71E-08 3.00E-04 l.lOE-03 

Total Hazard Index - Child 

Noncarcinogens - Adult 
IF =(IR-A x ED-A x EF x ME x CF)/(BW-A x AT-A) 

HQ = (C x IF)/RfD 

C IR-A ED-A EF ME CF BW-A AT-A IF RfD HQ 
Sedmnt Ingeshon Exposure Exposure Conversion Body Averagvlg Intake Reference 

Concenuatlon Rate Duration Frequency Matnx Factor Weight Time Factor Dose Hazard 
Chemcal (msncg) (mglvisit) (years) (visitdyr) Effect (kg/mg) 0%) (days) (kgkg-day) (mgnig-day) Quotlent 

Total Hazard Index - Adult 2 568-05 
k N C  4 9  8 7 10 0 5  o m 1  70 2555 1 57E-09 3 WE-04 2 56E-05 

. .  

(AS-BKND.XLS aoc 4)(8/IMS 3: 16 PM) Sheet I of 4 



ARSENIC IN BACKGROUND STREAM SEDIMENT 
OPEN SPACE RECREATIONAL USE 

CT - Time-weighted average s t reddry  sediment ingestion 

Nomdionuclide Carcinogens 
IF'=[(IR-C x ED-CY(BW-C) + (IR-A x ED-ANBW-A) I x (EF x ME x O/AT 

CR = C x IF x SF 

C IR-C ED-C BWC IR-A ED-A BW-A CF ME EF 
Child Adult 

Sediment Ingestion Exposure Body Ingestion Exposure Body Conversion Matrix Exposure 
Concentration Rate Duration Weight Rate Duration Weight Factor Effect Frequency 

Chemical (mglkg) (mp/visit) (years) (kg) (mdvisit) (years) (kg) (Wmd (visitdyr) 
Arsenic 4.9 15 2 15 8 7 70 0.5 10 0.0oooo I 

AT IF SF CR 
Averaging Intake Slope Cancer 

Time Factor Factor Risk 
Chemical (days) (kglkg-day) Wmglkg-day) 
Arsenic 25550 5.48E-10 I .70E+W 4.568-09 

Total Chemical Cancer Risk 4.568-09 

(ASBKND.X 4)(8/13/95316 PM) 
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ARSENIC IN BACKGROUND STREAM SEDIMENT 
OPEN SPACE RECREATIONAL USE 

RME - Streamldry sediment ingestion 

Nonwcinogens - Child 
IF =(IR-C x ED-C x EF x ME x CF)/(BW-C x AT-C) 

HQ = (C x IF)/RfD 

ME CF BW-C AT-C IF RfD HQ C IR-C ED-C EF 

Sediment Ingestion Exposure Exposure Conversion BdY Averaging Intake Reference 
Concenuation Rate Duration Frequency Matrix Factor Weight Time Factor Dose Hazard 

Chemical (rnglkg) (rnglvisit) (years) (visitdyr) Effect (k%mg) (kg) (days) (kg/kg-day) (rngkg-day) Quotient 
Arsenic 4.9 100 6 25 0.5 0.000001 15 2190 

Total Hazard Index - Child 3.738-03 
2.28E-07 3.00E-04 3.738-03 

/ 

Noncarcinogens - Adult 
IF =(IR-A x ED-A x EF x ME x CF)/(BW-A x AT-A) 

HQ = (C x IF)/RfD 

EF ME CF BW-A AT-A IF RfD HQ C IR-A ED-A 

Sediment Ingestion Exposure Exposure Conversion B d Y  Averaging Intake Reference 
Concentration Rate Duration Frequency Matrix Factor Weight Time Factor Dose Hazard 

Chemical (rng/kg) (mdvisit) (yeam) (visitslyr) Effect (kg/rng) (kg) (days) (kglkg-day) (rngflrg-day) Quotient 

Total Hazard Index - Adult 4.00E-04 
Arsenic 4.9 50 24 25 0.5 o.ooooo1 70 8760 2.458-08 3.00E-04 4.00E-04 

(AS-BKND.XLS a a  4)(8/13/95 316 PM) 



ARSENIC IN BACKGROUND STREAM SEDIMENT 
OPEN SPACE RECREATIONAL USE 

RME - Time-weighted average streaddry sediment ingestion 

Nonradionuclide Carchogens 

C IR-C ED-C BW-C IR-A ED-A BW-A CF ME EF 

Child Adult 
Sediment Ingestion Exposure B d Y  Ingestion Exposure Body Conversion Matrix Exposure 

Concentration Rate Duration Weight Rate Duration Weight Factor Effed Frequency 
Chemical (rnglkg) (mglvisit) (years) (kg) (mglvisit) (years) (kg) (kglmg) (visitdyr) 
Arsenic 4.9 100 6 15 50 24 70 0.000001 0.5 25 

AT IF SF CR 

Time Factor Factor Risk 
Avenging Intake Slope Cancer 

Chemical (days) (kglkg-day) (mglkg-day) 
Arsenic 25550 2.808-08 I .70E+00 2.338-01 

Total Chemical Cancer Risk 2.338-07 

(AS.BKhD.XLS nc 4KWIY95 316 PM) c S k l 4  of 4 



ATTACHMENT 54 
RADIATION DOSE CALCULATIONS ' 



SUMMARY OF RADIATION DOSE 
CURRENT WORKER 

AREA OF CONCERN NO. 1 

Pathway Central Tendency Reasonable Maximum 

Ingestion of surface soil 1. I IE-03 7.05E-03 
Inhalation of particulates from surface soil 1.868-03 2.36E-03 
External Irradiation from surface soil 3.908-03 7.128-03 
Total Annual Radiation Exposure (mredyr) 6.87E-03 1.658-02 

Sheet I of I (RADIINDW.XLS SUMMARY)(8114/Y5 I I:IS PM) 



CURRENT INDUSTRIAL WORKER 
AREA OF CONCERN NO. 1 

CT - Surface soil ingestion 

ARI =C x IR x FC x EFx MEx CF 
EDE = ARI x EDC 

C IR FC EF ME CF ARI EDC EDE 
Soil Ingestion Exposure Conversion Annual Effective Dose Effective Dose 

Concentration Rate Fraction Frequency Matrix Factor Radionuclide Intake Coefficient Euuivalent . .  

Radionuclide (pCW (mdday) Contaminated (daydyr) Effed Wmg)  (Pcilyr) ( m d p C i )  (mremlyr) 
' Americium-241 0.151 10 0.9 219 1 0.001 2.988-01 3.648-03 I .O8E-03 

Plutonium-239/240 0.284 10 0.9 219 1 0.001 5.6OE-01 ' 5.18E-05 2.908-05 
Total Effective Dose Equivalent 1. I 1E-03 

RME - Surface soil ingestion 

ARI =C x IR x FC x EFx M E x  CF 
EDE = ARI x EDC 

C IR FC EF ME CF ARI EDC EDE 
soil Ingestion Exposure Conversion Annual EffectiveDose EffectiveDose 

Concentration Rate Fraction Frequency Matrix Factor Radionuclide Intake Coefficient Equivalent 
Radionuclide (pCi/g) (rndday) Contaminated (days&) Effed Wmfd (pCi/yr) (mredpCi) (mrem/yr ) 
Americium-24 1 0.151 50 1 250 1 0.001 I .89E+00 3.64E-03 6.878-03 
Plutonium-239/240 0.284 50 1 250 1 0.001 3.5SE+00 5.18E-05 1.84844 

Total Effective Dose Equivalent 7.058-03 

(RADIINDW.XLS SOILJNCXB/14i95 959 PM) e S k t  I of I 
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CURRENT INDUSTRIAL WORKER 
AREA OF CONCERN NO. 1 

CT - Inhalation of particulates from surface soil 

ARI = C x 1R x ET x EFx DF 
EDE = ARI x EDC 

C IR ET EF DF ARl EDC EDE 
Air Inhalation Exposure Exposure Respiratory Annual EffediveDose EffediveDose 

Concentration Rate Time Frequency Deposition Radionuclide Intake Coefficient Equivalent 
Radionuclides (p~l/m’) ( m ’ ~  W h y )  (hyS/yr) Factor ( p C W  (mnJpCi) (mremlyr) 
Americium-241 I .63E-06 0.83 7.2 219 0.85 1.8 1 E-03 4.448-01 8.058-04 
Plutonium-239/240 3.078-06 0.83 7.2 219 0.85 3.428-03 3.08E-01 1.05E-03 

Total Effective Dose Equivalent 1.86E-03 

RME - Inhalation of particulates from surface soil 

ARI = C  x IR x  ET^ E F ~  DF 
EDE= ARl x EDC 

C IR ET EF DF ARI EDC EDE 
Air Inhalation Exposure Exposure Respiratory Annual Effective Dose Effective Dose 

Concentration Rate Time Frequency Deposition Radionuclide Intake Coefficient Equivalent 
Radionuclides (pci/m3 ( m ’ h )  W h y )  (hYS/yO Factor ( P C W  (mnJpCi) (mrem/yr) 
Americium-241 1.638-06 0.83 8 250 0.85 2.30E-03 4.448-01 1.02E-03 
Plutonium-239/240 3.07E-06 0.83 8 250 0.85 4.33E-03 3.08E-01 1.338-03 

Total Effective Dose Equivalent 2.368-03 

(RALl1INDW.XI.S INHP)(8/14.95 959 PM) Shcel I of I 



CURRENT INDUSTRIAL WORKER 
AREA OF CONCERN NO. 1 

CT - External irradiation from surface soil 

ER = C x SD x GSFx DP x CF 
EDE= ER x EFx EDCF 

C SD GSF DP CF ER EF EDCF EDE 
Soil Soil GaINlM Soil Conversion External Exposure External Dose Effective Dose 

Concentration Density Shielding Factor Depth Factor Radiation Frequency Conversion Factor Equivalent 
Radionuclide (PCW (kdm’) ( 1  -SA (m) (ghg) (pCi/m*) (tu/yr) (mrwn/hr per pCi/m’) (mrem/yr) 

Plutonium-239/240 0.284 I840 0.5 0.05 I IO00 1.338+04 1.588+03 4.318-12 9.06845 
Total Effective Dose Equivalent 3.90E-03 

Amencium-241 0 I51 I840 0.5 0.05 I IO00 7.088+03 1.588+03 3.4lE- IO 3.8 1 E-03 

RME - External irradiation from surface soil 

ER = C x SD x GSFx DPx CF 
EDE= ER x E F x  EDCF 

C SD GSF DP CF ER EF EDCF EDE 
Soil soil GaINlM Soil Conversion External Exposure External Dose Effective Dose 

Concentration Density Shielding Factor Depth Factor Radiation Frequency Conversion Factor Equivalent 
Radionuclide (pCi/g) ~ m ’ )  (I-SJ (m) (g/kg) (pciirn’) (tu/yr) (mrem/hr per pCi/m’) (mm/yr) 

Plutonium-239/240 0.284 1840 0.8 0.05 1 IO00 2.13E+04 1.80E43 4.3 IE- 12 I .65E44 
Total Effective Dose Equivalent 7.12E-03 

Americium-241 0.151 1840 0.8 0.051 IO00 1.13E+04 1.80E+03 3.41E-10 6.968-03 

(RADIINDW.XLS UCIRNLXW14195 9 5 9  PM) 

0 
Sheet I of I 

0 



I 

SUMMARY OF RADIATION DOSE 
FUTURE OFFICE WORKER 
AREA OF CONCERN NO. 1 

Pathway Central Tendency Reasonable Maximum 

lngestion of surface soil 5.56E-04 7.058-03 
inhalation of particulates from surface soil 1.41E-03 2.368-03 
External lnadiation from surface soil 3.908-03 7.12E-03 
Total Annual Radiation Exposure (mredyr) S . ~ I E - O ~  1.65E-02 

(RADI0FFW.XI.S SUMMARY)(LUI4/95 1O:Ol PM) sheet I of I 



FUTURE OFFICE WORKER 
AREA OF CONCERN NO. 1 

CT - Surface soil ingestion 

ARI =C x IR x FC x EFx ME x CF 
EDE = ARI x EDC 

C IR FC EF ME CF ARl EDC EDE 
Soil Ingestion Exposure Conversion Annual Effective Dose Effective Dose 

Concentration Rate Fraction Frequency Matrix Factor Radionuclide Intake Coefficient Equivalent 
Radionuclide (pCVg) (mg/day) Contaminated (daydyr) Effect Wmg) (PCVyr) (mredfli) (mredyr) 
Americium-241 0.151 5 0.9 219 1 0.001 1.49E-01 3.648-03 5.42844 
Plutonium-239T240 0.284 5 0.9 219 1 0.001 2.80E-01 5.1 8E-05 1.45E-05 . 

Taal Effective Dose Equivalent 5.56E-04 

RME - Surface soil ingestion 

ARI =C x IR x FCx EFx ME x CF 
EDE = AN x EDC 

C IR Fc EF ME CF ARI EDC EDE 
Soil Ingestion Exposure Conversion Annual Effective Dose Effective Dose 

Concentration Rate Fraction Frequency Matrix Fadtor Radionuclide Intake Coefficient Equivalent 
Radionuclide (pCW (mg/day) Contaminated (da~s/yr) Effect Wmg) (pCW (mredpCi) (mredyr) 

' Americium-241 0.151 50 1 250 1 0.001 1.89E+00 ' 3.648-03 6.87E-03 
Plutonium-239T240 0.284 50 1 250 1 0.001 3.558+00 5.18E-05 1.848-04 

Total Effective Dose Equivalent 7.058-03 

. hcet I of I 6 



FUTURE OFFICE WORKER 
AREA OF CONCERN NO. 1 

CT - Inhalation of particulates from surface soil 

ARI =C x 1R x ET x EF x DF 
EDE = ARI x EDC 

C IR ET EF DF ARI EDC EDE 
Air Inhalation Exposure Exposure Respiratory Annual Effective Dose Effective Dose 

Concentration Rate Time Frequency Deposition Radionuclide Intake Coefficient Equivalent 

Radionuclides (p~iim’) ( m ’ ~  W h y )  (days/yr) Factor (PCVYO (mremlpci) (mremlyr) 
Americium-241 1.638-06 0.63 7.2 219 0.85 1.38843 4.448-01 6.1 IE-04 
PlutoNum-239/24U 3.078-06 0.63 7.2 219 0.85 2.598-03 3.08E-01 7.98E-04 

Total Effective Dose Equivalent 1.41E-03 

RME - Inhalation of particulates from surface soil 

ARI = C x IR x ET x EFx DF 
EDE = ARI x EDC 

C IR ET EF DF ARI EDC EDE 
Air Inhalation Exposure Exposure Respiratory Annual Effective Dose Effective Dose 

Concentration Rate Time Frequency Deposition Radionuclide Intake Coefficient Equivalent 

Radionuclides (p~ilrn’) (m’h) (May)  . (days/yr) Factor (PCVyr) (mredpCi) (mremlyr) 
Americium-241 1.638-06 0.83 8 250 . 0.85 2.308-03 4.44E-01 1.02E-03 
Plutonium-239/240 3.07846 0.83 8 250 0.85 4.33843 3.08E-01 I .33E-03 

Total E f fgve  Dose Equivalent 2.36E-03 

Sheel I of I 



FUTURE OFFICE WORKER 
AREA OF CONCERN NO. 1 

CT - External Irradiation from surface soil 

ER C I SDx GSFx DPx CF 
EDE = ER x EF x EDCF 

C SD GSF DP CF ER EF EDCF EDE 
Soil Soil Gamma Soil Conversion External Exposure Effective Dose Effective Dose 

Concentration Density Shielding Factor Deph Factor Radiation Frequency Conversion Factor Equivalent 
Radionuclide ’ (PCVg) (kdm’) ( 1 -Se) (m) (&g) (Kim’) (hrlyr) (mrem/hr per pci/m2) (mrem/yr) 
Americium-241 0.151 1840 0.5 0.05 1 IO00 7.08E+03 1.58843 3.41E-10 3.8 IE-03 
Plutonium-239R40 0.284 1840 0.5 0.05 I IO00 1 . 3 3 8 4  1.58843 4.3 IE- 12 9.068-05 

Total Effective Dose Equivalent 3.908-03 

RME - External Miat ion from surface soil 

ER = C x SD x GSFx DP x CF 
’ EDE=ERxEFxEDCF . 

C SD GSF DP CF ER EF EDCF EDE 
Soil soil GillNM soil Conversion External Exposure Effective Dose Effective Dose 

Concentration Density Shielding Factor Deph Factor Radiation Frequency Conversion Factor Equivalent 
Radionuclide (PCVP, (kg/m’) ( 1 -Se) (m) (&g) (Kim’) (hr/yr) (mrenvhr per pCiim*) (mrem/yr) 

Plutonium-239R40 0.284 1840 0.8 0.051 ’ IO00 2 . 1 3 E 4  1.80E43 4.318-12 I .65E-04 
7. I2E-03 

Americium-241 0.151 1840 0.8 0.05 1 IO00 1.13E+04 1.80E43 3.41 E-IO 6.968-03 

Total Effective Dose Equivalent 

S h a t  I of I 
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SUMMARY OF RADIATION DOSE 
FUTURE ECOLOGICAL WORKER 

AREA OF CONCERN NO. 1 

Pathway Central Tendency Reasonable Maximum 

Ingestion of surface soil 1.09E-03 3.898-03 
Inhalation of particulates from surface soil 5.51E-04 1.03E-03 
External Irradiation from surface soil 1.85E-03 2.32E-03 
Total Annual Radiation Exposure (mredyr) 3.49E-03 7.24E-03 

a 

(RADIECO.XLS SUMMARY)(8/141PS I0:OZ PM) 
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FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 1 

CT - Surface soil ingestion 

ARI = C x IR x FC x EF x ME x CF 
EDE = ARI x EDC 

C IR FC EF ME CF ARI EDC EDE 
Soil Ingestion Exposure Conversion Annual Effective Dose Effective Dose 

Concentration Rate Fraction Frequency Matrix Factor Radionuclide Intake Coefficient Equivalent 
Radionuclide (pCi/g) (mg/day) Contaminated (daydyr) E M  (g/mg) ( p C W  (mremlpci) (mremlyr) 
Americium-241 0.151 33 0.9 65 I 0.001 2.92E-01 3.648-03 I .06E-03 

2.84E-05 Plutonium-239/240 0.284 33 0.9 65 1 0.001 5.48841 5.18E-05 
Total Effective Dose Equivalent I .09E-03 

RME - Surface soil ingestion 

ARI = C  x I R x  FCX E F x  MEx CF 
EDE = ARI x EDC 

C IR FC EF ME CF ARI EDC EDE 
Soil Ingestion E w =  Conversion Annual Effective Dose Effective Dose 

Concentration Rate Fraaion Frequency Matrix Factor Radionuclide Intake Coefficient Equivalent 
Radionuclide (pCvg) (mg/day) Contaminted (daydyr) Effea (g/mg) ( p C W  (mremlpci) (mremlyr) 
Americium-241 0.151 106 I 65 I 0.001 1.04Ern 3.64843 3.798-03 
Plutoniurn-239/240 0.284 106 1 65 1 0.001 I .96E+00 5.18E-05 1.01E-04 

Total Effective Dose Equivalent 3.898-03 



FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 1 

CT - Inhalation of particulates from surface soil 

ARI = C x IR x ET x EFx DF 
EDE = ARI x EDC 

C IR ET EF DF ARI EDC EDE 
Air Inhalation Exposure Exposure Respiratory Annual Effective Dose Effective Dose 

Concentration Rate Time Fquency Deposition Radionuclide Intake Coefficient Equivalent 
Radionuclides (p~iim’) (m’h)  W h y )  ( W W  Factor (Pcilyr) ( m d p C i )  (mm/yr) 
Americium-241 1.638-06 0.83 7.2 65 0.85 5.38844 4.448-01 2.398-04 , 

Plutonium-239/240 3.078-06 0.83 1.2 65 0.85 1 .O 1 E-03 3.08E-01 3.12844 
5.5 1 E-04 - Total Effective Dose Equivalent 

RME - Inhalation of particulates from surface soil 

ARI = C x IR x ET x EF 
EDE = ARI x EDC 

C IR ET EF DF ARI EDC EDE 
Air Inhalation Exposure Exposure Respiratory Annual . EffectiveDose EffectiveDose 

Concentrati on Rate Time Fquency Deposition . Radionuclide Intake Coefficient Equivalent 
Radionuclides (p~iim’) (m’h) W h Y )  (days/yr) Factor ( p C W  (mremlpci) (mremlyr) 
Americium-241 1.638-06 I .4 8 65 0.85 I .01E-03 4.448-01 4.488-04 
Plutonium-239/240 3.07E-06 I .4 8 65 0.85 1.90E-03 3.08E-01 5.85844 

Total Effective Dose Equivalent 1.03E-03 

(RADIECO.XLS InhP)(8/14195 10.02 PM) Sheet I of I 



FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 1 

CT - External Irradiation from surface soil 

ARI = C  x SD x GSF x DP x CF 
EDE = ER x EF x EDCF 

C SD GSF DP CF ER EF . EDCF EDE 
Soil Soil GalMM Soil Conversion External Exposure Extemal Dose Effective Dose 

Concentration Density Shielding Factor Depth Factor Radiation Frequency Conversion Factm Equivalent 
Radionuclide (pcilg,  (kglm’) ( 1 -sa (m) (gnig) (pciim’) (tu/yr) (mrem/hr per pcilrn’) (mredyr) 

1.81E-03 Americium-241 0.151 1840 0.8 0,05 1 IO00 1 . 1 3 E 4  4.688+02 
Plutonium-239/240 0.284 I840 0.8 0.05 1 IO00 ’ 2 . 1 3 E 4  4.688+02 4.3 1E-12 4.308-05 

Total Effective Dose Equivalent 1.858-03 

3.418-10 . 

RME - External M a t i o n  from surface soil 

ARI = c x SD x GSFX DP x CF 
EDE = ER x EF x EDCF 

C SD GSF DP CF ER EF EDCF EDE 
Soil Soil GalMM Soil Conversion External Exposure External Dose Effective Dose 

Factor Radiation Frequency Conversion Factor Equivalent 
(g/Icg) (pCiim’) (hr/yr) (mwnh per pcilm’) (mredyr) 

De@ Concentration Density Shielding Factor 
Radionuclide (PcilP) (kglrn’) (1-sa (m) 
Americium-241 0.151 1840 1 0.05 1 IO00 1 . 4 2 8 4  4.688+02 3.4 1 E- 10 2.268-03 
Plutonium-239R40 0.284 1840 I 0.05 I IO00 2.678+04 4.688+02 4.318-12 ’ 5.388-05 

Total Effective Dose Equivalent 2.328-03 



a 

a 

SUMMARY OF RADIATION DOSE 
FUTURE OPEN SPACE RECREATIONAL USE 

AREA OF CONCERN NO. 1 

Pathway Central Tendency Reasonable Maximum 

Ingestion of surface soil 1.72E-04 8.478-04 
Inhalation of particulates from surface soil I . ~ I E - ~ S  2.488-04 
External Irradiation from surface soil 4.75845 2.858-04 
Total Annual Radiation Exposure (mredyr) 2.378-04 1.388-03 

(RADIOPS.XLS SUMMARY)(8114195 1003 PM) 
Sheet I of I 



FUTURE OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 1 

CT - Surface soil ingestion 

ARI = C x [(IR-C x TE-C) + (IR-A x TE-A)] x EF x ME x CF 
EDE = ARI x EDC 

C IR-C TE-C IR-A TE-A EF ME CF ARI EDC EDE 
Child Adult 

Soil Ingestion Percent Ingestion Percent Exposure Conversion Annual EffeaiveDose EffeaiveDose 
Concentration Rate oftime Rate oftime Frequency Matrix Factor Radionuclidelntake Coefficient Equivalent 

Radionuclide (pCilg) (mglvisit) exposed (mglvisit) exposed (visitdyr) Effea (g/mg) (Pcdyr) ( m d p C i )  (mdyr) 
Americium-241 0.151 50 0.22 25 0.78 IO 1 0.001 4.618-02 3.648-03 1.688-04 
PIutonium-239/240 0.284 50 0.22 25 0.78 10 1 0.001 8.668-02 5.188-05 4.49846 Tocal Effective Dose Equivalent 1.72E-04 . .  

RME - Surface soil ingestion 

ARI = C x [(IR-C x TE-C) + (IR-A x TE-A)] x EF x ME x CF 
EDE = ARI x EDC 

C I R-C TE-C IR-A TE-A E F '  ME CF ARI EDC EDE 
Child Adult 

Soil Ingestion Percent Ingestion Percent Exposure Annual EffeaiveDose EffeaiveDose Conversion 
Concentration Rate oftime Rate oftime Frequency Matrix Factor Radionuclide Intake Coefficient Equivalent 

Radionuclide (pCi/g) (mglvisit) exposed (mglvisit) exposed (visitdyr) Effect Wmg) ( p C W  (mm/pCi) (mrem/yr) 
Americium-241 0.151 100 0.2 50 0.8 25 1 0.001 2.278-01 3.648-03 8.24E-04 

0.284 100 0.2 50 0.8 25 1 0.001 4.26E-01 5.18E-05 2.2 IE-05 Plutonium-239/240 
Total Effeaive Dose Equivalent 8.478-04 



FUTURE OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 1 

(3 - Inhalation of paniculates from surface soil 

ARI = C x 1R x ET x EF x DF 
EDE = ARI x EDC 

C IR ET EF DF ARI EDC EDE 
Air Inhalation Exposure Exposure Respiratory Annual Effective Dose Effective Dose 

Concentration Rate Time Frequency Deposition Radionuclide Intake Coefficient Equivalent 
Radionuclides (p~ilm’) ( m ’ h )  (days/yr) Factor (PCVyr) (mredpci) (mremlyr) 
Americium-241 1.638-06 0.83 I .5 10 0.85 1.728-05 4.448-01 7.668-06 
Plutonium-239L240 3.07E-06 0.83 I .5 10 0.85 3.25845 3.08E-01 1.00E-05 

Total Effective Dose Equivalent I .77E-05 

RME - Inhalation of mculates from surface soil 

ARI = C x IR x ET x EF 
EDE = ARI x EM7 

C IR ET EF DF ARI EDC EDE 
Air Inhalation Exposure Exposure Resphory Annual Effective Dose Effective Dose 

Concentration Rate Time Frequency Deposition Radionuclide Intake Coefficient Equivalent 
Radionuclides (~cII~’) (m’h) (hrlday) (days/yr) Factor (PCVv) (mrem/pci) (mredyr) 
Americium-24 1 1.638-06 1.4 5 25 0.85 2.42E-04 4.44E-01 1.08E-04 
Plutonium-239/240 3.07E-06 1.4 5 . 25 0.85 4.57E-04 3.08E-01 1.41E-04 

Total Effective Dose Equivalent 2.48E-04 
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FUTURE OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 1 

CT - External irradiation from surface soil 

ARI = C x SD x GSFx DPx CF 
EDE = ER x EF x EDCF 

C SD GSF DP CF ER EF EDCF EDE 
Soil Soil GalNM Soil Conversion External Exposure External Dose Effective Dose 

Concentdon Density Shielding Factor Depth Factor Radiation Frequency Conversion Factor Equivalent 
Radionuclide (pCi/g) (kg/m3) Cl-Sd (m) (@g) (pCi/m2) W y r )  (mrem/hr per pciim’) (mrem/yr) 
Americium-241 0.151 1840 0.8 0.05 I IO00 I.I3E+04 1.20E41 3.4 1E-10 4.648-05 
Plutonium-239R40 0.284 I840 0.8 0.05 I IO00 2.13E+04 1.20E41 4.3 1E- 12 l.lOE-06 

Total Effective Dose Equivalent 4.758-05 

RME - External irradiation from surface soil 

ARI = C  x SD x CSF x DPx CF 
EDE = ER x EFx EDCF 

C SD GSF DP CF ER EF EDCF EDE 
Soil soil GalNM soil Conversion External Exposure External Dose Effective Dose 

Concentration Density Shielding Factor kph Factor Radiation Frequency Conversion Factor Equivalent 
(gflrg) (pCi/m2) W y r )  (mrem/hr per ‘pciirn’) , (mrem/yr) 

Americium-241 0.151 1840 0.8 0.05 1 3.4 1 E- I O  2.788-04 IO00 1.13E+04 7.20E41 
Radionuclide (pCi/g) (kplm3) (I-SC) (m) 

Plutonium-239R40 0.284 I840 0.8 0.05 1 lo00 2.13EM 7.20E+01 4.318-12 6.62E-06 
Total Effeuive Dose Equivalent 2.85E-04 
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SUMMARY OF RADIATION DOSE 
FUTURE CONSTRUCTION WORKER 

AREA OF CONCERN NO. 1 

Pathway Cenual Tendency Reasonable Maximum 

Ingestion of subsurface soil 2.72E-04 I S3E-03 
Inhalation of particulates from surface and subsurface soil 3.848-04 4.788-04 
External Irradiation from subsurface soil 3.76844 4.70844 
Total Annual Radiatlon Exposure (mredyr )  2.47E-03 1.03E-03 
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FUTURE CONSTRUCTION WORKER 
AREA OF CONCERN NO. 1 

CT - Subsurface soil ingestion 

ARI =C x IR x FCx E F x  ME x CF 
EDE = ARI x EDC 

C IR FC EF ME CF ARI EDC EDE 
Soil Ingestion Exposure Conversion Annual Effective Dose Effective Dose 

Concentration Rate Fraction Frequency Matrix Factor Radionuclide Intake Coefficient Equivalent 
Radionuclide (pCug) (mdday) Contaminated (daydyr) Effect WmP) ( p C W  (mrem/pci) (mredyr)  
Americium-241 0.013 95 0.9 30 1 0.001 3.338-02 3.64E-03 1.21E-04 
Plutonium-239D40 0.021 95 0.9 30 I 0.001 5.398-02 5.18E-05 2.798-06 
Uranium-233R34 0.8 95 0.9 30 I 0.001 2.OSE+00 2.61845 5.36E-05 

RME - Subsurface soil ingestion 

ARI =C x IR x FC x EFx ME x CF 
EDE = ARI x EDC 

C 1R Fc EF ME CF ARI EDC EDE 
Exposure Conversion Annual EffectiveDose EffectiveDose Soil Ingestion 

Concentration Rate Fraction Frequency Matrix Factor Radionuclide Intake Coefficient Equivalent 
Radionuclide (pCi/g) (mg/day) Contaminated (daWr) Effect WmP) ( p C W  (mredpCi) (mredyr)  
Americium-24 I 0.013 480 I 30 1 0.001 1.87E-01 3.648-03 6.8 IE-04 
Plutonium-239/240 0.02 1 480 I 30 1 0.001 3.028-01 5.388-05 1 S7E-05 
Uranium-233D34 0.8 480 1 30 1 0.001 1.15E+01 2.61E-05 3.01E-04 
Uranium-238 1.54 480 1 30 1 0.001 2.22E+01 2.388-05 5.288-04 

Total Effective Dose Equivalent 1.538-03 
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FUTURE CONSTRUCTION WORKER 
AREA OF CONCERN NO. 1 

CT - inhalation of particulates from surface and subsurface soil 

A N =  C x IR x ET x EF x DF 
EDE = ARI x EDC 

C IR ET EF DF A M  EM3 EDE 
Air Inhalation Exposure E x p o w  Respiratory Annual Effective Dose Effective Dose 

Concentration Rate Time Frequency Deposition Radionuclide Intake Coefficient Eauivalent 
(m3/hr) (hr/daY) (daydyr) ’ Factor ( P C W  (mredpci) ( m d y r )  Radionuclides ( p ~ i i m ~ )  

Americium-24 1 1.638-06 1.25 7.2 30 0.85 3.74844 4.44E-03 1.668-04 
3.07E-06 I .25 7.2 30 0.85 7.058-04 3.08E-01 2.17E-04 Plutonium-239I240 

Uranium-233I234 
Uranium-238 1.748-08 

9.10E-09 1.25 7.2 30 0.85 2.09E-06 1.33E-01 2.788-07 
1.25 7.2 30 0.85 ‘ 3.99E-06 I .  19E-01 4.75E-07 

Total Effective Dose Equivalent 3.84E-p 

RME - Inhalation of particulates from surface and subsurface soil 

ARI=C x IR x ETx EF x DF 
EDE = ARI x EDC 

C IR ET EF DF ARI EDC EDE 
Air inhalation Exposure Annual Effective Dose Effective Dose Exposure Respiratory 

Con ce n uati o n Rate Time Frequency Deposition Radionuclide intake Coefficient Equivalent 

Radionuclides (p~iim’) (m3/hr) ( d a y W  Factor (PCVyr) (mrem/pci) hremlyr) 
Americium-241 1.638-06 1.4 8 30 0.85 4.66E-04 4.44E-01 2.078-04 ~ 

3.078-06 1.4 8 30 0.85 8.77E-04 3.08E-01 2.708-04 Plutonium-239I240 
Uranium-2331234 
Uranium-238 

9.10E-09 I .4 8 30 0.85 2.608-06 1.33E-01 3.468-07 

Total Effective Dose Equivalent 4.788-04 
1.74E-08 1.4 8 30 0.85 4.978-06 1.19E-01 5.9 1 E-07 
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FUTURE CONSTRUCTION WORKER 
AREA OF CONCERN NO. 1 

CT - External irradiation from subsurface soil 

ER = C x SD x GSF x DP x CF 
EI)E = ER x EF x EDCF 

C SD GSF DP CF ER EF EDCF EDE 
Soil Soil Gamma Soil Conversion External Exposure External Dose Effective Dose 

Concentration Density Shielding Factor Depth Factor Radiation Fquency ’ Conversion Faaor Equivalent 
Radionuclide (PCW (kg/m’) ( I -Se) (m) (glkg) (pCim’) (hr/yr) (mm/hr per pciim‘) (mm/yr)  
Americium-241 0.0129 1840 0.8 0.05 1 lo00 . 9.688+02 2.168+02 3.4 1 E- IO 7.13E-05 

Uranium-233L234 0.8 I840 . 0.8 0.05 I lo00 6.01E+04 2.168+02 9.218-12 1.19E-04 
Uranium-238 1.54 I840 0.8 0.05 I lo00 1.16E+05 2.168+02 7.378- I2 1.84844 

Total Effective Dose Coefficient 3.768-04 

Plutonium-239/240 0.0207 1840 / 0.8 0.0s 1 lo00 I .55E+03 2.16E+02 4.3 1 E- I2 1.45E-06 

RME - External inadiation from subsurface soil 

ER = c x SD x GSFX DPX CF 
EDE = ER x EF x EDCF 

C SD GSF DP CF ER EF EDCF EDE 
Soil Soil GiIlMM Soil Conversion External Exposure External Dose Effective Dose 

Concentration Density Shielding Factor Deph Factor Radiation Frequency Conversion Factor Equivalent 
Radionuclide (pcilg) (kdrn’) ( I -Se) (m) (glkg) (pcilm’) (hr/yr) (mm/hr per pcilm’) 
Americium-241 0.0129 I840 L 0.05 1 IO00 1.21E+03 2.168+02 3.4 IE- 10 8.928-05 
Plutonium-239/240 0.0207 I840 I 0.05 I lo00 1.948+03 2.16E+02 4.3 1E- 12 1.81E-06 
Uranium-233L234 0.8 I840 I 0.05 I lo00 7.518+04 2.168+02 9 21E-12 1.49E-04 
Uranium-238 1.54 1840 1 0.05 1 IO00 1.45E+05 2.16E+02 7.37E-12 2.30E-04 

Total Effective Dose Coefficient 4.70E-04 
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SUMMARY OF RADIATION DOSE 
FUTURE OFFICE WORKER 
AREA OF CONCERN NO. 2 

30-ACRE AREA 

~~ 

Pathway Central Tendency Reasonable Maximum 

lngestion of surface soil 4.7 1 E-03 5.98E-02 
Inhalation of paiticulates from surface soil 1.548-02 2.578-02 
External irradiation from surface soil 3.30E-02 6.038-02 
Total Annual Radiation Exposure (mredyr) 5.3 1 E-02 1.46E-01 

(RAD2OFFW.XLS SUMMARY)(S114/9S I l l 0 7  PM) 



FUTURE OFFICE WORKER 
AREA OF CONCERN NO. 2 

30-ACRE AREA 

CT - Surface soil ingestion 

ARI =C x IR x FC x EFx MEx CF 
EDE = ARI x EDC 

C IR FC EF ME CF ARI EDC EDE 
Soil Ingestion Expo= Conversion Annual EffectiveDose EffeuiveDose 

Concentration Rate Fraction Frequency Matrix Factor Radionuclide Intake Coefficient Equivalent 
Radionuclide (pCi/g) (mdday) Contaminated (days/yr) Effect Wmg) (pCi/yr) (mFem/pci) (mrem/yr) 

3.648-03 , 4.56E-03 Americium-24 1 I .27 5 0.9 219 1 0.001 I .25E+00 
Plutonium-239L?40 3.1 5 0.9 219 1 0.001 3.06E+00 5.  I8E-05 1.58844 

4.7 IE-03 Total Effeaive Dose Equivalent 

RME - Surface soil ingestion 

AN =C x IR x FC x E F x  ME x CF 
EDE = ARI x EDC 

C IR FC EF ME CF ARI EDC EDE 
Soil Ingestion &Po= Conversion Annual EffeuiveDase EffectiveDose 

Concentration Rate Fraction Frequency Matrix Factor Radionuclide Intake Coefficient Equivalent 
Radionuclide (pCi /g)  (mdday) Contaminated (daydyr) Effed (dmg) (pCi/yr) ( m d p C i )  ( w y r )  

5.78842 Americium-241 1.27 50 I 250 , 1 0.001 1.59E+01 3.648-03 
Plutonium-239/240 3. I 50 I 250 1 0.001 3.888+01 5.18E-05 2.0 1 E-03 

Total Effeitive Dose Equivalent 5.988-02 
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FUTURE OFFICE WORKER 
AREA OF CONCERN NO. 2 

30-ACRE AREA 

CT - Inhalation of particulates from surface soil 

ARI = C x IR x ET x EF x DF 
EDE = ARI x E X  

C IR ET EF DF ARI EDC EDE 
Air Inhalation Exposure Exposure Respiratory Annual Effective Dose Effective Dose 

Concentration Rate Time Frequency Deposition Radionuclide Intake Coefficient Equivalent 
Radionuclides (pcl/rn3) (m3/hr) (hrlday) (daydyr) Factor (PcW ( d p C i )  ( d y r )  
Americium-241 I S2E-05 0.63 7.2 219 0.85 I .28E-02 4.44E-01 5.708-03 
Plutonium-239R40 3.728-05 0.63 7.2 219 0.85 3.148-02 3.08E-01 9.67843 

1 S4E-02 Total Effective Dose Equivalent 

RME - Inhalation of particulates from surface soil 

A N  = C x IR x ET x EF x DF 
EDE = ARI x EDC 

C IR ET EF DF ARI EDC EDE 

Air Inhalation Exposure Exposure Respiratory Annual Effective Dose Effective Dose 
Concentration Rate Time Frequency Deposition . Radionuclide Intake Coefficient Euuivalent 

Radionuclides (p~i/m’) ( m ’ ~  (hdday) (days/yr) Factor (pCW) (mremlpci) ( d y r )  
Americium-241 I S2E-05 0.83 8 250 0.85 2.14E-02 4.44E-01 9.52843 
Plutonium-239i240 3.72E-05 0.83 8 250 0.85 5.25E-02 3.08E-01 1.628-02 

Total Effective Dose Equivalent 2.57842 

(RAD20FlW.XLS INHP)(B114p)S 1097 PM) S k l  I of I 



FUTURE OFFICE WORKER 
AREA OF CONCERN NO. 2 

30-ACRE AREA 

CT - External irradidon from surface soil 

ER = C x SD x GSFx DPx CF 
EDE = ER x EF x EDCF 

C SD GSF DP CF ER EF . EDCF EDE 
Soil Soil GalNtU Soil Conversion External Exposure Effective Dose Effective Dose 

Concentration Density Shielding Factor Deph Factor Radiation Frequency Conversion Factor Equivalent 
Radionuclide (PCW (kdrn’) (1-W (m) ( a g )  (pcim’) ’ (tu/yr) ( ~ p e r p C i i m * )  (mran/yr) 

Plutonium-239n40 3. I 1840 0.5 0.05 1 IO00 1.45E45 1.58843 4.318-12 9.89844 
Total Effective Dose Equivalent 3.30E-02 

Americium-241 I .27 1840 0.5 0.05 1 1O00 5.968+04 1.58E+03 3.41E-10 3.2OE-02 

RME - External irradiation from surface soil 

ER = C x SD x GSF x DP x CF 
EDE = ER x EF x EDCF 

C SD GSF DP CF ER EF EDCF EDE 
Effective Dose Effective Dose Soil Soil GalNlW soil Conversion External Exposure 

Concentration Density Shielding Factor kph Factor Radiation Frequency Conversion Factor Equivalent 
Radionuclide (PCW (kdm’) (1-W (rn) (pcim’) (tu/yr) (mrem/hrperp~ilm’) (nuwn/yr) 
Americi~m-241 1.27 1840 0.8 0.05 1 IO00 9.538+04 1.80E43 3.4 IE- IO 5.858-02 
Plutoniurn-239/240 3.1 1840 0.8 0.051 IO00 2.338+05 1.80E+03 4.31E-12 1.81E-03 

Total Effective Dose Equivalent 6.03E-02 



SUMMARY OF RADIATION DOSE 
CURRENT INDUSTRIAL WORKER 

AREA OF CONCERN NO. 2 

Pathway Central Tendency Reasonable Maximum 

Ingestion of surface soil 9.18E-03 5.828-02 
Inhalation of particulates from surface soil 1.94E-04 2.46E-04 

5.88E-02 External Irradiation from surface soil 
Total Annual Radiation Exposure (mredyr) 4.15E-02 1.17E-01 

3.228-02 

(RADZINDW.XLS SUMMARYX8/14195 10:09 PM) 
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CURRENT WORKER 
AREA OF CONCERN NO. 2 

CT - Surface soil ingestion 

ARI =C x IR x FC x E F x  ME x CF 
EDE = ARI x EDC 

C IR FC EF ME CF ARI EDC EDE 
Effective Dose Effective Dose Soil ingestion Expo- Conversion Annual 

Concentration Rate Fraction Frequency Matrix Factor Radionuclide Intake Coefficient Equivalent 

Americium-241 I .24 IO 0.9 219 1 0.001 2.44E+00 3.648-03 8.90E-03 
Plutonium-239n40 2.78 IO 0.9 219 I 0.001 5.488+00 5.18E-05 2.84844 

9. I8E-03 

Radionuclide (pCUg) (mdday) Contaminated (daydyr) Effea (glmg) ( p C W  (mrem/pci) ( m y )  

Total Effective Dose Equivalent 

RME - Surface soil ingestion 

ARI =C x IR x FC x E F x  ME x CF 
EDE = ARI x EDC 

C IR Fc EF ME CF ARI EDC EDE 
Soil Ingestion Exposure Conversion Annual Effective Dose Effective Dose 

Concentration Rate Fraftion Frequency Matrix Factor . Radionuclidelntake Coefficient Equivalent 
Radionuclide (pCW (mdday) Contaminated (daydyr) Effect (glmg) ( p C W  (mremlpci) (mrem/yr) 
Americium-241 I .24 50 1 250 I 0.001 3 64E-03 5.64842 I .55E+Oi 

Total Effective Dose Equivalent 5.82E-02 
Plutonium-239/240 2.78 50 I 250 I 0.001 3.48E+O I 5 .  I8E-OS I .80E-03 
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CURRENT INDUSTRIAL WORKER 
AREA OF CONCERN NO. 2 

CT - Inhalation of particulates from surface soil 

ARI = C x IR x ET x EF x DF 
EDE = ARI x EDC 

C IR ET EF DF ARI EDC EDE 
Air Inhalation Exposure Exposure Respiratory Annual Effective Dose Effective Dose 

Concentration Rate Time Frequency Deposition Radionuclide Intake Coefficient Equivalent 
Radionuclides (p~drn’) ( m ’ ~  WhY) (days/yr) Factor (PCW) (mremlpCi) (mremlyr) 
Americium-241 1 S3E-07 0.83 7.2 219 0.85 I .70E-04 4.44E-01 7 S6E-05 
Plutonium-239L240 3.458-01 0.83 7.2 219 0.85 ’ 3.84E-04 3.08E-01 1.18E-04 

Total Effective Dose Equivalent 1.94E-04 

RME - Inhalation of particulates from surface. soil 

ARI = C x IR x ETx EFx DF 
EDE = ARI x EDC 

C IR ET EF DF ARI ELX EDE 
Air Inhalation Exposure Exposure Respirato~y Annual Effective Dose Effective Dose 

Concenuation Rate Time Frequency Deposition Radionuclide Intake Coefficient Equivalent 

Radionuclides (p~dm’) (m’h) W h y )  (daYdY0 Factor ( p C W  ( m d p C i )  (mremlyr) 
Americium-241 1.538-07 0.83 8 250 0.85 2.16E-04 4.44E-0 1 9.59E-05 
Plutonium-239L240 3.45E-07 0.83 8 250 0.85 4.87844 3.08E-01 1.50E-04 

Total Effective Dose Equivalent 2.468-04 

(RAD2MDW.Xl-5 INHPXB/14/95 1099 PM) Shccl I of I 



CURRENT INDUSTRIAL WORKER 
AREA OF CONCERN NO. 2 

CT -‘External mia t ion  from surface soil 

ER = C  x SD x GSFx DPx CF 
EDE = ER x EF x EDCF 

C SD GSF DP CF ER EF EDCF EDE 
Soil Soil GiUNlU Soil Conversion External Exposure External Dose Effective Dose 

Concentration Density Shielding Factor Depth Factor Radiation Frequency Conversion Factor Equivalent 
Radionuclide (PCW (kglm’) (I-Sd (m) (@g) (pcim’) (tu/yr) (mrem/hr per pcim’) ( m y r )  

Plutonium-239/240 2.78 1840 0.5 0.05 1 1O00 1.30E+05 1.588+03 4.3 1 E- 12 8.878-04 
Total Effective Dose Equivalent 3.22EM 

Americium-241 I .24 1840 0.5 0.05 1 IO00 5.828+04 1.58E+03 3.41E-10 3.13E-02 

RME - External inadiation from surface soil 

ER = C x SD x GSFx DPx CF 
EDE = ER x EF x EDCF 

C SD GSF DP CF ER EF EDCF EDE 
Soil soil Gamma Soil Conversion External Exposure External Dose Effective Dose 

Concentration Density Shielding Factor Deph Factor Radiation Frequency Conversion Factor Equivalent 
Radionuclide (pcm (kglm’) (I-SJ (m) (@g) . (pciim’) (hr/yr) (mrem/hrperpciirn’) (mem/yr) 
Americium-241 I .24 1840 0.8 0.05 1 IO00 9.318+04 1.80E+03 3.4 1 E- IO 5.7 IE-02 
Plutonium-239/240 2.18 1840 0.8 0.05 1 IO00 2.09845 1.80E43 4.3 IE- 12 I .62E-03 

Total Effective Dose Equivalent 5.888-02 

e sheet I of I 

0 



a 

a 

SUMMARY OF RADIATION DOSE 
FUTURE ECOLOGICAL WORKER 

AREA OF CONCERN NO. 2 

Pathway Central Tendency Reasonable Maximum 

ingestion of surface soil 8.998-03 3.2iE-02 
Inhalation of particulates from surface soil 5.75E-05 1.08E-04 
External lnadiation from surface soil 1 S3E-02 1.91E-02 
Total Annual Radiation Exposure (mredyr) 2.43E-02 5.13E-02 

, (RADZECO.XLS SUMMARY)W14195 la13 PM) 
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FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 2 

CT - Surface soil ingestion 

ARI = C x IR x FCx E F x  M E x  CF 
EDE = ARI x EDC 

C IR FC EF ME CF ARI EJX EDE 
Ingestion EXPO- Conversion Annual WectveDose EffectiveDose Soil 

Concentration Rate Fraction Frequency Matrix Factor Radionuclide Intake Coefficient Equivalent 
Radionuclide (pCi/g) (mglday) Contaminated (daydyr) Effect (g/mg) ( p C W  (mredpCi) (mrem/yr) 
Americium-241 1.24 33 0.9 65 1 0.001 2.39Em 3.648-03 8.7 IE-03 
Plutonium-239R40 2.78 33 0.9 65 1 0.001 5 . 3 7 E m  5.188-05 2.788-04 

Total Effective Dose Equivalent 8.99E-03 

RME - Surface soil ingestion 

ARI = C x IR x FCx EF x ME x CF 
EDE = ARI x EDC 

C IR FC EF ME CF ARI EDC EDE 
EXPO= Conversion Annual EfiectiveDose EffectveDose Soil Ingestion 

Concentration Rate Fraction Frequency Matrix Factor Radionuclide Intake Coefficient Equivalent 

Americium-241 I .24 106 1 65 1 0.001 8.548+00 3.648-03 3.11E-02 
Radionuclide (pCUg) (mglday) Contaminted (daydyr) Effed (g/mg) ( p C W  ( m d p C i )  (mdyr) 

Plutonium-239/240 2.78 106 1 65 I 0.00 I 1.92E41 5.1 8E-05 9.92844 
Total Effective Dose Equivalent 3.218-02 
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FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 2 

CT - Inhalation of particulates from surface soil 

ARI  = C  I IR x ETx EFx DF 
F I E  = ARI  x EDC 

C IR ET EF DF ARI EDC EDE 
A i  Inhalation Expowe Exponrre Respuatory Annual Effective Dose Effective Dose 

Concentration Rate Time Frequency Deposition Radionuclide Intake Coefficient Equivalent 
Radionuclides (pCi/m’) ( m ’ h )  WdaY) (daWyr) Factor ( p C W  (mrem/pCi) (mrem/yr) 
Americium-241 I.53E-07 0.83 7.2 65 0.85 5.058-05 4.44841 2.24E-05 
Plutonium-239R40 3.458-07 0.83 7.2 65 0.85 1.14E-04 3.08E-01 3.51E-05 

Total Effective Dose Equivalent 5.758-05 

RME - Inhalation of paniculates from surface soil 

ARI = C x IR x ET x EF 
EDE = ARI x EDC 

C IR ET EF DF ARI EDC EDE 
Air Inhalation Exposure Exposure Respi~atory Annual Effective Dose Effective Dose 

Concentration Rate Time Frequency Deposition Radionuclide Intake Coefficient Euuivalent 

6.58E-05 
Total Effective Dose Equivalent 1.08E-04 

3.08E-01 Plutonium-239R40 3.458-07 1.4 8 65 0.85 2.13E-04 

(RAD2ECO.XL-S InhpXs11485 10:13 PM) S k l  I of I 



FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 2 

CT - External irradiation from surface soil 

ARI = C x  SDx GSFx DPx CF 
EDE = ER x EF x EDCF 

(1 SD CSF DP CF ER EF UXlF EDE 
Effective Dose Soil Soil GallUM soil Conversion External Exposure External Dose 

Concentration Density Shielding Factor Depth Factor Radiation Frequency Conversion Factor Equivalent 
Radionuclide (Pcilg) (kglm’) (I-Sd (m) (fig) (Film’) (hr/yr) (mrem/hrperp~ilm’) ( d y r )  
Americium-24 I 1.24 I840 0.8 0.05 1 IO00 9.31E+04 4.688+02 3.4 1 E- IO 1.49802 

Total Effective Equivalent I S3E-02 
PlutoNum-239R40 2.18 1840 0.8 0.05 1 IO00 2.09E45 4 . 6 8 8 4  4.3 IE- 12 4.218-04 

R M E  - External irradiation from surface soil 

ARI = C x SD x GSF x.DP x CF 
EDE = ER x EFx EDCF 

C SD GSF DP CF ER . EF EDCF EDE 
Soil Soil Gamma Soil Conversion External Exposure External Dose Effective Dose 

Concenuation Density Shielding Factor DePh Factor Radiation Frequency Conversion Factor Equivalent 
Radionuclide (pCi49 (kglm’) (I-Sd (m) (glkg) (Film’) (k/yr) (mrem/hrperpcilm’) (&YO 
Americium-241 1.24 1840 I 0.05 1 IO00 1.16E+05 4 . 6 8 8 4  3.4 IE- IO 1.86E-02 
PlutOnium-239n40 2.78 I840 1 0.05 1 IO00 2.618+05 4.68E42 4.318-12 5.26E-W 

1.9 IE-02 T M  Effective Dose Equivalent 



SUMMARY OF RADIATION DOSE 
FUTURE OPEN SPACE RECREATIONAL USE 

AREA OF CONCERN NO. 2 

Pathway Central Tendency Reasonable Maximum 

Ingestion of surface soil 1.42E-03 6.99E-03 
Inhalation of particulates from surface soil 1.848-06 2.59E-05 

2.35E-03 External lnadiation from surface soil 
Total Annual Radiation Exposure (mredyr) 1.81E-03 9.36E-03 

3.92E-04 

(RAD2OPS.XLS SUMMARYX81148.5 Ill14 PM) 
Sheer I of I 



FUTURE OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 2 

CT - Surface soil ingestion 

ARI = C x [(IRC x TE-C) + OR-A x TE-A)] x EFx ME x CF 
EDE = ARI x EDC 

C IR-C TE-C IR-A TE-A EF ME CF ARI EDC EDE 
Child Adult 

Soil Ingestion Percent Ingestion Percent Exposure Conversion Annual EffeuiveDose EffeaiveDose 
Concentration Rate oftime Rate oftime Frequency Matrix Factor Radionuclidelntake Coefficient Equivalent 

Radionuclide (pCi /g )  (mglvisit) exposed (mglvisit) exposed (visitdyr) Effed Wmg) (Pciyr) (mremlpci) (mremlyr) 
Ankricium-24 I 1.24 50 0.22 25 0.78 IO 1 0.001 3.7 8E-0 1 3.648-03 1.388-03 
Plutonium-239/240 2.78 50 0.22 25 0.78 IO I 0.001 8.48E-0 1 5.18E-05 4.39E-05 

Total Effective Dose Equivalent 1.42E-03 

Rh4E - Surface soil ingestion . 

ARI = C x ((IR-C x TE-C) + OR-A x TE-A)] x EFx ME x CF 
EDE = ARI x EDC 

C IR-C TE-C IR-A TE-A EF ME CF ARI EDC EDE 
Child Adult 

Soil Ingestion Percent Ingestion Percent Exposure Conversion Annual Effective Dose Effective Dose 
Concentration Rate oftime Rate oftime Frequency Matrix Factor Radionuclidelntake Coefficient Equivalent 

Radionuclide (pCi/g) (mglvisit) exposed (mdvisit) exposed (visitdyr) Effed Wmg) (PcW (mremlpci) (mrem/yr) 
Americium-241 I .24 100 0.2 50 0.8 25 1 0.001 1.86E+00 3.648-03 6.778-03 
Plutonium-239/240 . 2.78 100 0.2 50 0.8 25 1 0.001 4.17E+00 5 .  I 8E-05 2.168-04 

Total Effective Dose Equivalent 6.998-03 

Shal  I of I 

0 



FUTURE OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 2 

(RADZOF5.XLS InhP)(8/14EIS 1O:lS PM) , .  

CT - Inhalation of particulates from surface soil 

ARI = C x IR x ETx E F x  DF 
EDE = ARI x EDC 

C IR ET EF DF A R I .  EDC EDE 
Air Inhalation Exposure Annual Effective Dose Effective Dose Expo= Respiratory 

Concentration Rate Time Frequency Deposition Radionuclide Intake Coefficient Equivalent 
Radionuclides (p~iim’) (m’h)  (hr/hY) (daydyr) Factor ( P C W  (mremlpci) ( m d y r )  . 
Americium-241 1 S3E-07 0.83 I .5 10 0.85 1.628-06 4.448-01 7.19E-07 
Plutonium-239/240 3.45E-07 0.83 1.5 10 0.85 3.65E-06 3.08E-01 1. I2E-06 

Total Effective Dose Equivalent 1.848-06 

RME - Inhalation of particulates from surface soil 

ARI = C x IR x ETx EF 
EDE = ARI x EDC 

C IR ET EF DF ARl EDC EDE 
Annual Effective Dose Effective Dose Inhalation Exposure Expo- Respiratory Air 

Concentration Rate Time Frequency Deposition .Radionuclide Intake Coefficient Equivalent 
Radionuclides (p~dm’) (m’h) W h y )  ( W W  Factor (PCW (mremlpci) ( m d y r )  
Americium-241 1.538-07 1.4 5 25 0.85 2.288-05 4.44E-01 1 .O 1 E-05 
Plutonium-239/240 3.458-07 I .4 5 25 0.85 5.13E-05 3.08E-01 1.588-05 

Total Effective Dose Equivalent 2.598-05 

Shcel I of I 



CT - External irradiation from surface soil 

FUTURE OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 2 

ARI = C  x SD x GSF x DP x CF 
EDE= ER x EFx EDCF 

C SD GSF DP CF ER EF . EDCF EDE 
Soil Soil GaIIUlM Soil Conversion External Exposure External Dose Effective Dose 

Concentration Density Shielding Factor Depth Factor Radiation Frequency Conversion Factor Equivalent 
Radionuclide (pcW (kdm’) ( 1 -s3 (m) (g/tig) (pci/m’) (Iu/yr) (mrem/hr per pcilm’) (mrem~yr) 
Americium-241 1.24 1840 0.8 0.05 I 1000 9.318+04 1.20E+01 3.41E-10 3.818-04 
Plutonium-239f240 2.18 I840 0.8 0.05 1 1O00 2.09E+O5 1.20E+OI 4.3 IE-12 1.08E-05 

Total Effective Dose Equivalent 3.92E-04 

RME - External irradiation from surface soil 

ARI = C  x SD x GSF x DPx CF 
EDE = ER x EF x EDCF 

C SD GSF DP CF ER EF EDCF EDE 
Soil Soil Gamma Soil Conversion External Exposure External Dose Effective Dose 

Concentration Density Shielding Factor Depth Factor Radiation Frequency Conversion Factor Equivalent 
Radionuclide (pcW (kdm’) (1-Q (m) (fig) (pcilm’) (hr/yr) (mrenvhr per pcilm’) (mm~yr) 

Plutonium-239/240 2.18 1840 0.8 0.05 I IO00 2.098+05 7.20E+OI 4.3 IE- 12 6.48845 
Total Effective Dose Equivalent 2.35843 

Americium-241 1.24 1840 0.8 0.05 1 IO00 9.318+04 7.20E+OI 3.41E- 10 2.298-03 



SUMMARY OF RADIATION DOSE 
FUTURE CONSTRUCTION WORKER 

AREA OF CONCERN NO. 2 

Pathway Cental Tendency Reasonable Maximum 

Ingestion of subsurface soil 3.538-04 1.98E-03 
Inhalation of particulates from surface and subsurface soil 4.05E-05 5.04E-05 
External lnadiation from subsurface soil . 3.60E-04 4.508-04 
Total Annual Radiation Exposure (mredyr) 7.53E-04 2.488-03 

(RAD2CON.XLS SUMMARY)(WIWS In16 PM) Sheet I of I 



FUTURE CONSTRUCTION WORKER 
AREA OF CONCERN NO. 2 

CT - Subsurface soil ingestion 

ARI =C x I R x  FCx E F x  MEx CF 
EDE = ARI x EDC 

C IR FC EF ME CF ARI EDC EDE 
Soil Ingestion ~ P o =  Conversion Annual EffectiveDose EffectiveDose 

Concentration Rate Fraction Frequency Matrix Factor Radionuclide Intake Coefficient Eauivalent . .  

Radionuclide (pCi/g) (mglday) Contaminated (daydyr) Effea Wmg) (PCVyr) (mremlpci) (mremlyr) 
Americium-24 I 0.025 95 0.9 30 1 0.001 6.418-02 3.648-03 2.338-04 
Plutonium-239/240 0.138 95 0.9 30 I 0.001 3.54E-01 5.1 8E-05 1.838-05 
Uranium-233/234 0.785 95 0.9 30 1 0.001 2.01E+00 2.618-05 5.26845 , 

Uranium-238 0.793 95 0.9 30 1 0.001 2.03E+00 2.38845 4.84845 
T d  Effective Dose Equivalent 3.538-04 

RME - Subsurface soil ingestion 

ARI =C x IR x FC x E F x  ME x CF 
EDE = ARI x EDC 

C IR FC EF ME CF ARI EDC EDE 
Soil Ingestion ExPo- Conversion Annual Effective Dose Effective Dose 

Concentration Rate Fraction Frequency Matrix Factor Radionuclidelntake Coefficient Equivalent 
Radionuclide (pCi/g) (mdday) Contaminated (days&) Effeu (drng) (PCVyr) (mrem/pci) (mrwnlyr ) 
Americium-24 1 0.025 480 I 30 1 0.001 3.60E-01 ' 3.64843 1.31E-03 ' 

Plutonium-239/240 0.138 480 I 30 1 0.001 I .99E+00 5 .  I8E-05 I .03E-04 
2.95E-04 2.6 I E-05 Uranium-233/234 0.785 480 I 30 1 .  0.001 1.13E+01 

Uranium-238 0.793 480 I 30 1 0.001 I .  14E+OI 2.38E-05 2.72E-04 
Total Effective Dose Equivalent 1.988-03 

(RADX30N.XL.S OILJNG)(B/14.95 10:16 PM) c 



FUTURE CONSTRUCTION WORKER 
AREA OF CONCERN NO. 2 

CT - Inhalation of particulates from surface and subsurface soil 

ARI = C  x IR x ETx EF x DF 
EDE = ARI x EM3 

, 

C IR ET EF DF ARI EDC EDE 
Air inhalation Exposure Exposure Respimtoly Annual Effective Dose Effective Dose 

Concentration Rate Time Frequency Deposition Radionuclide Intake Coefficient Equivalent 
Radionuclides (p~iim’) (m’h) (hr/day) (daydyr) Factor (PCW (mredc i )  (mredyr) 
Americium-241 I S38-07 1.25 7.2 30 0.85 3.5 1 E-05 4.448-01 1 S6E-05 
Plutonium-239/240 3.458-07 I .25 7.2 30 0.85 7.928-05 3.08E-01 2.44E-05 
Uranium-233/234 8.91E-09 1.25 7.2 30 0.85 2.04E-06 1.33E-01 2.728-07 
Uranium-238 8.96E-09 1.25 7.2 30 0.85 2.06E-06 I .  19E-01 2.45E-(37 

Total Effective Dose Equivalent 4.058-05 

RME - Inhalation of particulates from surface and subsurface soil 

ARI = C x IR x ETx EF x DF 
EDE = ARI x EDC 

C IR ET EF DF ARI EDC EDE 
Air Inhalation Exposure Exposure Respiratory Annual Effective Dose Effective Dose 

Concentraton Rate Time Frequency Deposition Radionuclide Intake Coefficient Equivalent 
Radionuclides (p~im’)  (m’h) (hdday) (days@) Factor ( P C W  (mdpCi) ( m d y r )  
Americium-241 1.538-07 1.4 8 30 0.85 4.378-05 4.448-01 1.948-05 
Plutonium-239/240 3.458-07 1.4 8 30 0.85 9.858-05 3.08E-01 3.038-05 
Uranium-233/234 8.9 1 E-09 1.4 8 30 0.85 2.548-06 1.33E-01 3.388-07 
Uranium-238 8.968-09 1.4 8 30 0.85 2.56E-06 1.19E-01 3.OSE-07 

Total Effective Dose Equivalent 5.04E-05 

(RADXON.XLS MHPK8/14195 1016 PM) S k t  I of I 



‘ FUTURE CONSTRUCTION WORKER 
AREA OF CONCERN NO. 2 

CT - External inadiation from subsurface soil 

ER = C x SD x GSFx DP x CF 
EDE = ER x EF x EDCF 

C SD GSF DP CF ER EF EDCF EDE 
Soil Soil Gamma soil Convenion External Exposure External Dose Effective Dose 

Concentmion Density Shielding Factor De@ Factor Radiation Frequency Conversion Faaor Equivalent 
Radionuclide (PCW (kdm’) (1-.W (m) (g/kg) (pCi/m2) W y r )  (mm/hr per pCi/mz) (nmm~yr) 
Americium-241 0.025 I840 0.8 0.05 1 lo00 1.888+03 2.16E+02 3.4 1 E- 10 1.388-04 

Uranium-233/234 0.785 1840 0.8 0.05 I lo00 5.89E+04 2.16E+02 9.2 I E- 12 1.17E-04 
Uranium-238 0.793 I840 0.8 0.05 I lo00 5.958+04 2.168+02 7.378- 12 9.488-05 

Tocal Effective Dose Equivalent 3.60E-04 

Plutonium-239/240 0.138 1840 0.8 0.05 I IO00 1.04E+04 2.168+02 4.31E-I2 9.648-06 

RME - External irradiation from subsurface soil 

ER = C x SD x GSFx DPx CF 
EDE = ER x EF x EDCF 

C SD GSF DP CF ER EF EDCF EDE 
Soil Soil Gamma soil Conversion External Exposure External Dose Effective Dose 

Concentration Density Shielding Factor De@ Factor Radiation Frequency Conversion Factor Equivalent 
(pci/g, (kdm’) (1-W (m) (gllrg) (pcilrn’) (b/yr) (mrem/hr per pci/m2) (mrem/yr) Radionuclide 

Americium-241 0.025 1840 1 0.05 1 lo00 3.41E-10 1.73E-04 2.358+03 2.168+02 
PIutonium-239/240 0.138 1840 I 0.05 1 lo00 1.29E+04 2.168+02 4.3 1 E- 12 1.21E-05 
Uranium-233R34 0.785 1840 I 0.05 1 lo00 7.378+04 2.16E+M 9.21 E- I2 1.478-04 

Tocal Effective Dose Equivalent 4.50E-04 
Uranium-238 0.793 1840 1 0.051 ’ lo00 7.448+04 2.168+02 7.378-12 1.18E-04 



a SUMMARY OF RADIATION DOSE 
FUTURE ECOLOGICAL WORKER 

AREA OF CONCERN NO. 3 

~ ~ 

Pathway Gntral  Tendency Reasonable Maximum 

Ingestion of pond sediment 1.78E-03 2.12E-02 
Ingestion of stream/dry sediment 6.36E-05 7.588-04 

1.458-06 Inhalation of particulates from s W d r y  sediment 
Ingestion of surface water 3.728-06 3.19E-05 
External Irradiation from stream/dry sediments 4.42E-04 9.48E-04 
Total Annual Radiation Exposure (mredyr )  2.29E-03 ' 2.298-02 

8.46E-07 

(RAD3ECO.XLS SUMMARY)(8/14IP5 10:18 PM) Sheet I of I 



FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 3 

- Ingestion of pond sediment 

ARI = C  x IR x FCx E F x  ME x CF 
EDE = ARI x EDC 

C IR Fc EF ME CF ARI EDC EDE 
Annual Effective Dose Effective Dose Sediment Ingestion Exposure Conversion 

Concentration Rate Fraction Frequency Matrix Factor Radionuclide. Intake Coefficient Equivalent 

Americium-241 9.28 8 0.9 7 1 0.001 4.688-01 3.64843 1.70E-03 

Total Effdve  Dose Equivalent 1.788-03 

Radionuclide (pCi/g) (mglday) Contaminated (daydyr) Effect Wmg) (pcilyr) (mrwn/pCi) (mrem/yr) 

Plutonium-239f240 28.93 8 0.9 7 1 0.001 I .46E+00 5 .  I8E-05 7.558-05 

RME - Ingestion of pond sediment 

ARI = C x IR x FC x E F x  ME x CF 
EDE = ARI x EDC 

C IR Fc EF ME CF ARI EDC EDE 
Sediment Ingestion Evm Conversion Annual EffectiveDose EffectiveDose 

Equivalent Concentration Rate Fraction Frequency Matrix Factor Radionuclidelntake Coefficient 

Radionuclide (pCi/g) (mglday) 'Contaminated (daydyr) Effect (glmg) ( p C W  ( m d p C i )  (mdyr) 
Americium-241 9.28 50 1 12 I 0.001 5.57E+00 3.648-03 2.03E-02 
Plu1onium-239/240 28.93 50 I 12 I 0.001 5.1 8E-05 8.99E-04 1.74E+OI 

Total Effective Dose Equivalent 2.128-02 

(RAD3ECOXLS PSED-INGXE'l4195 10:18 PM) e 



FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 3 

CT - Ingestion of stream/dry sediment 

A R I  = C x IR a FC x EF x ME a CF 
EI)E = ARI  x EDC 

C IR FC EF ME CF ARI EDC EDE 
Sediment Ingestion Exposure Conversion Annual Effective Dose Effective Dose 

Concentration Rate Fraction Frequency Matrix Factor Radionuclide Intake Coefficient Equivalent 

Radionuclide ( 6 U g )  (IngldaY) Contaminated (daydyr) Effect (g/mg) (pCW) (mrem/pci) ( m d y r )  
Americium-241 0.31 1 8 0.9 7 1 0.001 1.578-02 3.648-03 5.7 I E-05 
PlutoNum-239n40 2.519 8 0.9 7 1 0.001 1.27E-01 5 .  I8E-05 6.58E-06 

Total Effective Dose Equivalent 6.368-05 

RMJZ - Ingestion of streamldry sediment 

ARI = C x IR x FC x E F x  MEx CF 
EDE = ARI x EDC 

C IR FC EF ME CF ARI EDC EDE 
Sediment Ingestion Exposure Conversion Annual Effective Dose Effective Dose 

Concentration Rate Fraction Frequency Matrix Factor Radionuclide Intake Coefficient Equivalent 

Americium-24 I 0.31 1 50 1 12 1 0.001 1.87E-01 3.648-03 6.798-04 
Radionuclide (pCUg) (mglday) Contaminated (daydyr) Effect (g/mg) (pCi/yr) (mrrmlpci) (mredyr) 

Plutonium-239n40 2.519 50 * I  12 1 0.001 1.51E+00 5.1 8E-05 7.838-05 
Total Effective Dose Equivalent 7.58844 

(RAD3ECO.XLS SSED-INGM8114r95 10:18 PM) Sheer I of I 



FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 3 

CT - Inhalation of particulates from stream/dry sediment 

ARI = (C x IR x EF x C F x  DF x RF)/PEF 
EDE = ARI x EDC 

C IR EF CF DF RF PEF ARI EDC EDE 
Sediment Inhalation Exposure Conversion Respiratory Particulate Annual EffeuiveDose EfSeuiveDose 

Concenuation Rate Frequency Factor Deposition Respirable Emission Factor Radionuclide Intake Coefficient Equivalent 

Radionuclide (PCi/g) (m’/day) (&Ys/Y~) (gncg) Fador Fraction (m’kg) (pCilY1) (mranlpci) (mrenJyr) 
Amencum-241 0.31 1 2 7 lo00 0.85 0.36 4.638+09 2.888-07 4.44E-01 1.28847 

Total Effective Dose Equivalent 8.46E-07 
Plutonium-239/240 2.519 2 1 1000 0.85 0.36 4.638+09 2.33E-06 3.08E-01 7.18E-07 

RME - Inhalation of particulates from stream/dry sediment 

ARI =(C x IR x EF x CFX DF x RF)/PEF 
EDE = ARI x EM3 

C IR EF CF DF RF PEF ARI EDC EDE 
Sediment Inhalation Exposure Conversion Respiratory Particulate Annual EfTectiveDose EffectiveDose 

Concenuation Rate Frequency Factor Deposition Respuable Emission Factor Radionuclide Intake Coefficient Equivalent 

Radionuclide (PCilg) (m’/day) (da~s/yr) (g/kg) Factor Fraction ( m ’ ~  (PCdyr) (mrenJPCi) (mrenJy0 
Americium-24 I 0.31 1 2 12 lo00 0.85 0.36 4.63E+09 4.938-07 4.44841 2.19E-07 
Plutoniurn-239/240 2.519 2 12 lo00 0.85 0.36 4.63E+09 4.00E-06 3.08E-01 1.238-06 

Total Effective Dose Equivalent 1.45E-06 

(RAD3ECO.XI FD_INHP)(8/14P35 1&18 PM) 
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CT - Ingestion of surface water 

F'UTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 3 

ARI = C  x IR x ETx EF 
EDE = ARI x EDC 

C IR ET EF ARI EDC EDE 
Surfacewater Ingestion Exposure Exposure Annual Effective Dose Effective Dose 
Concentration Rate Time Frequency Radionuclide Intake Coefficient Eauivalent . .  

Radionuclide (Pcfi) (b) (hrlday) (daydyr) ( P C W  ( m d p C i )  (mremlyr) 
Americium-241 0.014 0.01 I 7 9.808-04 3.648-03 3.57E-06 
Plutonium-239/240 0.043 0.01 I 7 3.01E-03 5 .  I8E-05 1.568-07 

Total Effective Dose Equivalent 3.728-06 

RME - Ingestion of surface water 

ARI = C  x IR x ET x EF 
EDE = ARI x EDC 

C IR ET EF ARI EDC ED8 
Surfacewater Ingestion Exposure Exposure Annual EffectiveDose EffectiveDose 
Concentration Rate Time Frequency Radionuclide Intake Coefficient Equivalent 

Americium-241 0.014 0.05 1 12 8.40E-03 3.64E-03 3.068-05 

Total Effective Dose Equivalent 3.198-05 

Radionuclide (PCfi) (b) ( M a y )  (daydyr) ( P c W  ( M p C i )  ( M y r )  

Plutoniurn-239/240 0.043 0.05 1 12 2.58E-02 5.18E-05 1.348-06 

sheet I of I 



FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 3 

CT - External irradiation from s W d r y  sediment 

ER = C x SD x GSF x DP x CF 
fWE = ER x EF x EDCF 

C SD GSF DP CF ER EF EDCF EDE 
Soil Soil Gamma Soil Conversion External Exposure External Dose Effective Dose 

Concentration Density Shielding Factor Depth Factor Radiation Frequency conversion Factor Equivalent 
Radionuclide (PCVg) (k&) (I-SJ (m) (pcirn') (tu/yr) (mrem/yr per pciim') ( m r )  
Americium-241 0.31 1 I840 0.8 0.05 I 1000 2.338+04 5.04E4I 3.41E-10 4.01E-04 

Total Effective Dose Equivalent 4.428-04 
Plutonium-239/240 2.519 1840 0.8 0.051 1000 1.89845 5.04E4I 4.31E-12 4.1 1E-05 

RME - External irradiation from s W d r y  sediment 

IF= TF x GSF x EF x ED 
CR = C x IFx SF 

C SD GSF DP CF ER EF EDCF EDE 
Soil Soil GiUNnZl Soil Conversion Extend Exposrue External Dose Effective Dose 

Concentration Density Shielding Factor Depth Factor Radiation Frequency Conversion Factor Equivalent 
Radionuclide (PCVg) (kglm') (1-Q (m) (%kg) (pciim') (tu/yr) (mremr per pcilm') (mrem/yr) 
Americium-24 I 0.31 1 1840 ' 1  0.051 IO00 2.92844 8.648+01 3.4 1 E- I O  8.60E-04 

Total Effective Dose Equivalent 9.488-04 
8.80E-05 Plutonium-239/240 2.5 19 1840 1 0.05 1 IO00 2.36845 8.64843 4.318-12 



SUMMARY OF RADIATION DOSE 
OPEN SPACE RECREATIONAL USE 

AREA OF CONCERN NO. 3 

Pathway Central Tendency Reasonable Maximum 

Ingestion of pond sediment 1.08E-02 5.298-02 
1.898-03 Ingestion of stream/dry sediment 3.85844 

Inhalation of particulates from stream/dry sediment 7.528-07 1.06E-05 
Ingestion of surface water 3.32E-06 3.998-05 
External Irradiation from stream/dry sediment 1.05E-04 7.90E-04 
Total Annual Radiation Exposure (mremlyr) 1.13E-02 5.57E-02 

, 

(RAD30PS.XLS SUMMARY)(B/14195 1 0 2 2  PM) Sheet I of I 



(3 - Ingestion of pond sediment 

FUTURE OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 3 

ARI = C xI(1R-C x TEC) + (IR-A x TE-A)] x FC x EF x ME x CF 
EDE = ARI x EDC 

C I R C  TE-C IR-A TE-A EF ME CF ARI EDC EDE 

s e d i n t  Ingestion Pemnt Ingestion Percent Exposure Conversion Annual Effec t ivek  EffectiveDose 
Child Adult 

Concentration Rate- oftime Rate oftime Frequency Manix Factor Radionuclidelntake Coefficient Equivalent 
Radionuclide (pCilg) (@visit) exposed (mgvisit) exposed (visitdyr) Mea Wmg) ( p C W  ( m d p C i )  ( m d y r )  
Americium-241 9.28 50 0.22 25 0.78 10 I 0.001 2.838+00 3.64843 1.03E-02 
Plutonium-239R40 28.93 50 0.22 25 0.78 10 I 0.001 8.82E+00 5.18E-05 4.57E-04 

Total Effective Dose Equivalent 1.08E-02 

RME - Ingestion of pond sediment 

ARI = C x[(lR-C x TE-C) + (IR-A x TEA)] x FC x EF x ME x CF 
EDE = ARI x EDC 

C I R C  TE-C IR-A I€-A EF ME CF ARI EDC EDE 
Child Adult 

Annual E f f d v e k  Ef fec t ivek  Sediment Ingestion Percent Ingestion Pemnt Exposure Conversion 
Concentration Rate oftime Rate oftime Frequency M A X  Factor Radionuclidelntake coefficient Equivalent 

Radionuclide (pCi/g) (mglvisit) exposed (mglvisit) exposed (visitdyr) Effea (g/mg) (pCilyr) (mrwnlpci) (mrem/yr) 
Americium-24 I 9.28 100 0.2 50 0.8 25 I 0.001 1.39EMI 3.64843 5.078-02 
Plutonium-239R40 28.93 100 0.2 50 0.8 25 I 0.001 4.348+01 5.  I8E-05 2.258-03 

Total Effective Dose Equivalent 5.298-02 

(RAD3OF'S.X JNGXWI485 IR20PM) t l o f l  
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FUTURE OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 3 

CT - Ingestion of stream/* sediment 

ARI = C x[(lR-C x TE-C) + (IR-A x TE-A)] x FC x EF x ME x CF 
EDE = ARI x EDC 

C IR-C TE-C IR-A TE-A EF ME CF ARI EDC EDE 
Child Adult 

Sediment Ingestion Percent Ingestion Percent Exposure Conversion Annual Effective Dose Effective Dose 
Concentration Rate oftime Rate oftime Frequency Matrix Factor Radionuclideintake Coefficient Equivalent 

Radionuclide (pCi/g) (mglvisit) exposed (mglvisit) exposed (visitslyr) Effect Wmg) (PCW (mredp3) (mredyr) 
Americium-241 0.31 I 50 0.22 25 0.78 10 1 0.001 9.498-02 3.64E-03 3.45E-04 
Plutonium-239/240 2.519 50 0.22 25 0.78 10 1 0.001 7.68E-0 1 5.188-05 3.988-05 

Total Effective Dose Equivalent 3.85E-04 

RME - Ingestion of stream/dty sediment 

ARI = C x[(IR-C x TE-C) + (IR-A x TE-A)] x FC x EF x ME x CF 
EDE = ARI x EDC 

C IR-C TE-C IR-A TE-A EF ME CF ARI EDC EDE 
Child Adult 

Sediment Ingestion Percent Ingestion Percent Exposure Conversion Annual Effective Dose Effective Dose 
Concentration Rate oftime Rate oftime Frequency Matrix Factor Radionuclidelntake Coefficient Equivalent 

Radionuclide (pCi ig )  (mdvisit) exposed (mdvisit) exposed (visidyr) Effect Wmg) ( P c W  (mremlpci) (mredyr) 
Americium-241 0.31 I 100 0.2 50 0.8 25 1 0.001 3.648-03 I .70E-03 4.678-01 
Plutonium-239R40 2.519 100 0.2 50 0.8 25 1 0.001 3.788+00 5.188-05 1.96844 

Total Effective Dose Equivalent 1.898-03 
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FUTURE OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 3 

CT - Inhalation of particulates from streaddry sediment 

ARI = (C x IR x ET x EFx CFX DFx RFypEF 
EDE = ARI x EDC 

C IR ET EF CF DF RF PEF ARI EDC EDE 
Sediment Inhalation Exposure Exposure Conversion Respiratory Particulate Annual EffectiveDose Effective- 

Concentration Rate Time Frequency Factor Deposition Respirable Emission Factor Radionuclide Intake , Coefficient Equivalent 
Radionuclide (PCVg) (m’h) (tu/visit) (visitslyr) (g/lcg) Factor Fraction ( m ’ ~  (PCW . (mremlpci) (mwo 
Americum-241 0.311 0.83 1.5 10 lo00 0.85 0.36 4.638+09 2.56E-07 4.44E-01 1 .14E-07 
Plutonium-239L!40 2.519 0.83 1.5 10 lo00 0.85 0.36 4.638+09 2.078-06 3.08E-01 6.388-07 

Total Effective Dose Equivalent 7.52E-07 

RME - Inhalation of particulates from streaddry sediment 

ARI = (C x IR x ETx EFx CFX DFx RFypEF 
EDE = ARI x EDC 

C IR ET EF CF DF RF PEF ARI EDC EDE 
Sediment Inhalation Exposure Exposure Conversion Respiratory . Particulate Annual EffectiveDase EffeuiveDose 

Concentration Rate T i  Frequency Factor Deposition Respirable Emission Factor Radionuclide Intake Coefficient Equivalent 
Radionuclide (PCUg) (rn’h) (tu/visit) (visitslyr) (g/k.g) Factor Fradion ( m ’ ~  (PCW (-PCi) ( d y r )  
Americium-241 0.31 I 1.4 5 25 lo00 0.85 0.36 4 . 6 3 8 4  3.60E-06 4.448-01 I.60E-06 
Plutonium-239/240 2.519 1.4 5 25 lo00 0.85 0.36 4 . 6 3 E 4  2.91E-05 3.08E-01 8.978-06 

Total Effective Dose Equivalent 1 ME-05 

(RAD3OPS.XLS SSU)_INHP)(BII4BS I O X I  PM) e t l o f l  dl 



FUTURE OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 3 

CT - lngestion of surface water 

AN = C x IR x ET x EF 
EDE = ARI x EDC 

C IR ET EF ARI EDC EDE 
Surfacewater Ingestion Exposure Exposure Annual Effective Dose Effective Dose 
Concentration Rate Time Frequency Radionuclide Intake Coefficient Equivalent 

Radionuclide (pcfl) (Vhr) (hr/day) (daydyr) ( p C W  (mredpCi) (mredyr)  
Americi~m-24 I 0.014 0.025 0.5 5 8.758-04 3.648-03 3.198-06 
PIutonium-239/240 0.043 0.025 0.5 5 2.698-03 5.18E-05 1.39E-07 

T d  Effective Dose Equivalent 3.328-06 

RME - Ingestion of surface water 

ARl = C x IR x ET x EF 
EDE = ARI x EDC 

C IR ET EF ARI EDC EDE 
Surfacewater Ingestion Exposure Exposure Annual Effective Dose Effective Dose 
Concentration Rate Time Frequency Radionuclide Intake Coefficient Equivalent 

Radionuclide (pcfl) (Vhr) (hrlday) (dayslyr) (PCW (nuedpci) (mremlyr) 
Americium-241 0.014 0.05 1 I5 1 .05E-02 3.648-03 3.828-05 
Plutonium-239/240 0.043 0.05 1 I5 3.238-02 5.18E-05 I .678-06 

Total Effective Dose Equivalent 3.998-05 

(RAD3OPS.XL.S SWJh'G)(lVlWS 1022 PM) Shcct I of I 



FUTURE OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 3 

/ 

CT - External IRradiation from stream/@ sediment 

ER = C x SD x GSFx DPx CF 
EDE = ER x EF x EDCF 

C SD GSF DP CF ER EF EDCF EDE 
Soil Soil GilllUM Soil Conversion Extemal Exposure Extemal Dose Effective Dose 

Concentration Density Shielding Factor Depth Factor Radiation Frequency Conversion Factor Equivalent 
(glkg) (pCi/m’) (tu/yr) (mrem/yr per pcilm’) (mtrm/yr) Radionuclide (pcilg) (kg/m3) (I-SA (m) 

Americium-24 I 0.31 I I840 0.8 0.05 I 2.338+04 1.20E+01 3.4 I E- IO 9.55E-05 
Plutonium-239L240 2.519 I840 0.8 0.05 I IO00 1.898+05 1.20E+01 4.3 1E-I2 9.78E-06 

Total Effective Dose Equivalent 1 .O5E-04 

RME - External irmdiation from stream/@ sediment 

IF = TF x GSF x EFx ED 
CR = C x I F x  SF 

C SD GSF DP CF ER EF EDCF EDE 
Soil Soil GilllUM Soil Conversion External Exposure ExternalDose. EffectiveDose 

Concentration Density Shielding Factor Depth Factor Radiation Frequency Conversion Factor Equivalent 
Radionuclide (Wig) (kg/m3) ( 1 -SA (m) (@g) (pCi/m’) (tu/yr) (mrewr per pci/m’) (mtrm/yr) 
Americium-241 0.31 I I840 I 0.05 I IO00 2.92EM 7.20E+OI 3.41E-10 7.178-04 
Plutonium-239R40 2.519 1840 I 0.05 I IO00 2.368+05 7.20E+OI 4.318-12 7.348-05 

Total Effective Dose. Equivalent 7.90864 

(RAD3OPS.XLS wcIRNL)(8114195 la22 PM) e 



SUMMARY OF RADIATION DOSE 
. FUTURE ECOLOGICAL WORKER 

AREA OF CONCERN NO. 4 

~ ~ 

pathway Central Tendency Reasonable Maximum 

Ingestion of pond sediment 1.848-02 2.198-01 
Ingestion of s&dry sediment 3.768-04 1.48E-03 
Inhalation of particulates from streanddry sediment 6.688-07 1.14E-06 
Ingestion of surface water 4.288-05 3.678-04 
External Irradiation from s W d r y  sediment 8.748-04 1 .WE-03 
Total Annual Radiation Exposure (mredyr) 1.978-02 2.22E-01 

(RAD4F.CO.XL.5 SUMMARY)(B/Irn5 I0:25 PM) Sheet I of I 



FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 4 

CT - Ingestion of pond sediment 

ARI = C x IR x FC x EF x ME x CF 
EDE = ARI x EDC 

C IR FC EF ME CF ARl EDC EDE 
Annual Effective Dose Effective Dose S e d i i n t  Ingestion Exposure Conversion 

Concentration Rate Fraction Frequency Matrix Factor Radionuclide Intake Coefficient Equivalent 
(mg/day) Contaminated (daydyr) E M  &/me) (Pcilyr) (mredpci) (mremlyr) Radionuclide 

Americium-241 99.34 8 0.9 7 I 0.001 5.01E+00 3.648-03 1.82E-02 
PlutoNum-239/240 78.3 8 0.9 7 I 0.001 3.95E+00 5.18E-05 2.04E-04 

Total Effective Dose Equivalent 1.848-02 

RME - Ingestion of pond sediment 

ARI = C x IR x FC x EFx ME x CF 
EDE = ARI x EDC 

C IR FC EF ME CF ARI EDC EDE 
sediment Ingestion Exposure Conversion Annual EfFeuiveDose EffectiveDose 

Concentration Rate Fraction Frequency Maaix Factor Radionuclide Intake Coefficient Equivalent 

(PCW (mg/da~) Conmninated (days/yr) - E K ~  (g/mg) (PCW) ( m d p C i )  (mredyr) Radionuclide 

Americium-241 99.34 50 I 12 1 0.001 5.96E+O 1 3.648-03 2.17E-01 ~ - .. 

Plutonium-239/240 18.3 50 I 12 1 0.001 4.70E41 5.18E-05 2.438-03 
Total Effective Dose Equivalent 2.19E-01 

(RAD4ECO.XLs PSED-INGX8114nS 1026 PM) a 



FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 4 

CT - Ingestion of streamldry sediment 

ARI = C x IR x FCX EFx M E x  CF 
EI)E = ARI x EDC 

C IR Fc EF ME CF ARI EDC EDE 
Sediment Ingestion Exposure Conversion Annual Effective Dose Effective Dose 

Equivalent Concentration Rate Fraction Frequency Matrix Factor Radionuclide Intake Coefficient 
(FUg) (mg/day) Contaminated (daydyr) Effect (g/mg) (pcW (mredpci) ( m d y r )  
0.66 8 0.9 7 1 0.001 3.33E-02 3.64E-03 1.21E-04 

Radionuclide 
Americium-241 

1.392 8 0.9 7 1 0.001 7.02E-02 3.64E-03 2.55E-04 
Total Effective Dose Equivalent 3.768-04 

Pltuonium-239l240 

RME - Ingestion of streaddry sediment 

ARI = c x IR x FC x EFX ME x CF 
EDE = ARI x EDC 

C IR Fc EF ME CF ARI EDC EDE 
Annual Effective Dose Effective Dose Sediment Ingestion Exposure Conversion 

Concentration Rate Fraction Frequency Matrix Factor Radionuclide Intake Coefficient Equivalent 

Radionuclide (pCdg) (mdday) Contaminated (dayslyr) Effect ' (g/mg) (pcilyr) ( m d p c i )  (mrwn/yr) 
0.66 50 1 12 1 0.001 3.96E-01 3.648-03 1 ME-03 Americium-241 

PIutonium-239l240 1.392 50 ' 1  12 1 0.001 5 .  I 8E-05 4.33E-05 
I .48E-03 

8.35E-01 
Total Effective Dose Equivalent 

(RAD4EcO.XI-5 SSU)-ING)(B114/95 1026 PM) Shecl I of I 



FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 4 

CT - Inhalation of particulates from stream/dry sediment 

ARI =(c x IR x EFX CFX DF x RFY~EF 
EDE = ARI x EDC 

C IR EF CF DF RF PEF ARI EDC EDE 
Sediment Inhalation Exposure Conversion Respiratory PamCUlate Annual EffeuiveDose EffectiveDose 

Concentration Rate Frequency Factor Deposition Respirable Emission Faaor Radionuclide Intake Coefficiint Eauivalent 

PIutonium-239/240 1.392 2 7 0.85 0.36 4 . 6 3 8 4  1.298-06 3.08E-01 3.97847 
Total Effective Dose Equivalent 6.688-07 

RME - Inhalation of particulates from stream/- sediment 

ARI =(C x IR x EF x C F x  DFx RFYpEF 
EDE = ARI x EDC 

C IR EF CF DF RF PEF ARI EDC EDE 
Sediment Inhalation Exposure Conversion Respiratory PamCUlate Annual Effec t iveh  EffectiveDose 

Concentration Rate Frequency Factor Deposition Respirable Emission Fador Radionuclide Intake Coefficient Euuivalent 

Radionuclide. (PCVS) (m’lday) (daydyr) Factor Fraction ( m ’ ~  (PCW (mmn/pci) (mrem/yr) 
Americi~m-241 0.66 2 12 lo00 0.85 0.36 4.638- 1 .O5E-06 4.448-01 4.65E-07 
PIutonium-239/240 1.392 2 12 lo00 0.85 0.36 4.638+09 2.218-06 3.08E-01 6.80E-M 

Total Effeuive Dose Equivalent 1.14E-06 

Fhcel I of I 
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FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 4 

CT - Ingestion of surface water 

ARI = C x IR x ET x EF 
EDE = ARI x EDC 

C IR ET EF ARI EDC EDE 
SurfaceWater Ingestion Exposure Exposure Annual Effective Dose Effective Dose 
Concentration Rate Time Frequency Radionuclide Intake Coefficient Equivalent 

Americi~m-241 0.167 0.01 1 7 1.17E-02 3.64E-03 4.26845 
Plutonium-239/240 0.069 0.01 1 7 4.83E-03 5.18E-05 2.508-07 

Total Effective Dose Equivalent 4.28845 

Radionuclide (em (W (hr/day) (daYs/yr) ( P C W  (mremlpci) (mredyr) 

RME - Ingestion of surface water 

AN = C x IR x ET x EF 
EDE = ARI x EDC 

C IR ET EF ARI EDC EDE 
SurfaceWater Ingestion Exposure Exposure Annual Effective Dose Effective Dose 
Concentration Rate Time Frequency Radionuclide Intake Coefficient Equivalent 

Americi~m-241 0.167 0.05 1 12 1.00E-01 3.648-03 3.658-04 
Radionuclide (Kim (W (hrlday) (days&) (PCW (menbfii) ( m y 0  

Plutonium-239/240 0.069 0.05 1 12 4.14E-02 5 .  I8E-05 2.148-06 
Total Effective Dose Equivalent 3.678-04 
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FUTURE ECOLOGICAL WORKER 
AREA OF CONCERN NO. 4 

CT - External inadiation from streamldry sediment 

ER = C x  S D x  GSFx DPx CF 
EI)E = ER x EF x EDCF 

C SD GSI: DP CF ER EF EDCF EDE 
Soil Soil Gamma Soil Conversion External Exposwe External Dose Effective Dose 

Concentration Density Shielding Factor Depth Factor Radiation Frequency Conversion Factor Equivalent 
Radionuclide (pCW (kdm’) ( 1 -Sd (m) (gkg) (Kim2)  (hr/yr) (mrem/hrperpCi/m’) (b) 
Americium-24 1 0.66 1840 0.8 0.05 1 IO00 4.95E+W 5.04E+01 3.4 1 E- IO 8.52E-04 
PIutonium-239L?40 1.392 I840 0.8 0.05 I 1000 1.05E+05 5.04E+01 4.3 IE-12 2.278-05 

Total Effective Dose Equivalent 8.74844 

RME - External irradiation from stream/dry sediment 

ER = C x SD x GSF x DP x CF 
EDE = ER x EF i EDCF 

C SD GSF DP CF ER EF EDCF EDE 
Soil Soil GaJNM Soil Conversion External Exposure External Dose Effective Dose 

Concentnuion Density Shielding Factor Depth Factor Radiation Frequency Conversion Faaor Equivalent 
Radionuclide (pCW (kdm’) (I-Sd (m) (g/kg) . (pCim’) (hr/yr) (mrem/hrperpCi/m’) (mrem/yr) 
Americium-24 I 0.66 1840 I 0.051 IO00 6.19E+04 5.04E+01 3.41 E-IO 1.06E-03 . 
Plutonium-239/240 1.392 I840 * I  0.051 IO00 1.31E+O5 5.04E41 4.3 1E-12 2.848-05 

I .09E-03 Total Effective Dose Equivalent 

(RAWECOXLS w7RNLW8114AS 1027 PM) 



SUMMARY OF RADIATION DOSE 
FUTURE OPEN SPACE RECREATIONAL USE 

AREA OF CONCERN NO. 4 

Pathway Central Tendency Reasonable Maximum 

Ingestion of pond sediment 1.12E-01 5.48E-0 I 
Ingestion of streanddry sedYnent 2.28E-03 1.48E-03 
Inhalation of particulates from sueam/dry sediment 5.94E-01 8.358-06 
Ingestion of surface water 3.828-05 4.598-04 
External Irradiation from s W d r y  sediment 2.088-04 1.56E-03 
Total Annual Radiation Exposure (mredyr) I .  14E-01 5.52E-01 
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F'UTURE OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 4 

' I  

<TT - Ingestion of pond sediment 

ARI = C x [(IR-C x TE-C) + (IR-A x E - A ) ]  x FC x EF x ME x CF 
EDE = A N  x EDC 

C I R C  TE-C IR-A TE-A EF ME CF ARI EDC EDE 

Sediment Ingestion Percent Ingestion Percent Exposure Conversion Annual Effective Dose Effective Dose 
Child Adult 

Concentration Rate oftime Rate oftime Frequency Matrix Factor Radionuclidelntake Coefficient Equivalent 
Radionuclide (pCi/g) (@visit) exposed (mdvisit) exposed (visitslyr) Effect Wmg) (PCW (mrem/pCi) (mrem/yr) 
Americium-241 99.34 50 0.22 25 0.78 IO I 0.001 3.03E+01 3.648-03 l.lOE-O1 

Plutonium-239f240 78.3 50 0.22 25 0.78 IO 1 0.00 1 2.39841 5.18E-05 I .248-03 
Total E f f d v e  Dose Equivalent 1.12E-01 

RME - Ingestion of pond sediment 

ARI = C x [(IR-C x TE-C) + (IR-A x TE-A)] x FC x EF x ME x CF 
EDE = ARI x EDC 

C I R C  TE-C IR-A TE-A EF ME CF ARI EDC EDE 
Child Adult 

Conversion Annual Effective& EffectiveDose Sediment Ingestion Percent Ingestion Percent Exposure 
Concentration Rate oftime Rate oftime Frequency Matrix Factor Radionuclidelntake Coefficient Equivalent 

Radionuclide (pCi/g) (mdvisit) exposed (mghisit) exposed (visitdyr) Effect (g/mg) (pCi/yr) (mrem/pCi) (mrem/yr) 
Americium-24 I 99.34 100 0.2 50 0.8 25 I 0.001 1.498+02 3.64843 5.42E-01 

Total Effective Dose Equivalent 5.48841 
Plutonium-239f240 78.3 100 0.2 50 0.8 25 1 0.001 5.18E-05 6.088-03 1.17E+02 

t l o f l  
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FUTURE OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 4 

(RAD4oPS.XLS SSED-lNG)(8/1405 1831 PM) 

CT - Ingestion of saeam/dry sediment 

ARI = C x [OR€ x TE-C) + (IR-A x TE-A)] x FC x EFx ME x CF 
EDE=ARIxEDC 

C I R C  E - C  IR-A TE-A EF ME CF ARI EDC EDE 

Sediment Ingestion Percent Ingestion Percent Exposure Conversion Annual Effective Dose Effective Dose 
Child Adult 

Concentration Rate oftime Rate oftime Fquency Matrix Factor Radionuclidelntake Coefficient Equivalent 
Radionuclide (pCi/g) (mglvisit) exposed (mglvisit) exposed (visitdyr) Effect (glmg) (pcdyr) (mremlpci) (mrem/yr) 
Americium-24 I 0.66 50 0.22 25 0.78 10 1 0.001 2.01E-01 3.64E-03 7.338-04 
Pltuonium-239/240 1.392 50 0.22 25 0.78 IO 1 0.001 4.25E-01 3.64E-03 1.55E-03 . 

Total Effective Dose Equivalent 2.288-03 

RME - Ingestion of stream/dry sediment 

ARI = C  x [OR€ x TE-C) + (IR-A x TE-A)] x FC x EFx MEx CF 
EDE = ARI x EDC 

C IRC TE-C IR-A E - A  EF ME CF ARI EDC EDE 
Child Adult 

Sediment Ingestion Percent Ingestion Percent Exposure Conversion Annual EffectiveDose E f f e c t i v e k  
Concentration Rate oftime Rare oftime Frequency Matrix Factor Radionuclidelntake Coefficient Equivalent 

Radionuclide ($Up) (mdvisit) exposed (mglvisit) exposed (visitdyr) Effect (glmg) (pCVyr) (mredpci) 
Americium-24 1 0.66 100 0.2 50 0.8 IO 1 0.001 3,968-01 3.648-03 1.44E-03 
PlutoNurn-239/240 1.392 100 0.2 50 0.8 IO 1 0.001 5.18E-05 4.33E-05 8.3SE-01 

Total Effective Dose Equivalent 1.488-03 
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FUTURE OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 4 

CT - Inhalation of particulates from stream/dry sediment 

ARI = (C x IR x ETx EFx CFx DFx RFypEF 
EDE = ARI x EDC 

C IR ET EF CF DF RF PEF ARl EDC EDE 
Sediment Inhalation Exposure Exposure Conversion Respiratory Particulate Annual EffectiveDose EfieajveDose 

Concentration Rate Time Frequency Factor Deposition Respirable Emission Factor Radionuclide Intake Coefficient Equivalent 

Radionuclide (pCi/g) (m’h) (tu/visit) (visiwyr) (fig) Factor Fraaion ( m ’ ~  (PCW (mrem/pCi) (mrwn/yr) 
Americium-241 0.66 0.83 I .5 IO lo00 . 0.85 0.36 4.638+09 5.43E-07 4.448-01 2.4 1 E47 
PIutonium-239/240 1.392 0.83 1.5 IO 1000 - 0.85 0.36 4.638+09 1.15E-06 3.08E-01 3.538-07 

Total Effective Dose Equivalent 5.94E-07 

RME - Inhalation of particulates from s W d r y  sediment 

ARl = (C x IR x ET x EF x CF x DF x RFypEF 
EDE = ARI x EDC 

C IR ET EF CF DF RF PEF ARl EDC EDE 
Particulate Annual EffectiveDose EffectiveDose Sediment Inhalation Exposure Exposure Convenion Respiratory 

Concentration Rate Time Frequency Factor Deposition Respirable Emission Factor Radionuclide Intake Coefficient Equivalent 
Radionuclide (PCW (m’/hr) (tubisit) (visiwyr) (g/kg) Factor Fraaion (m’kg) (PCW (mredpCi) (mrem/yr) 
Americium-241 0.66 1.4 5 25 lo00 0.85 0.36 4.63E+09 7.63846 4.44E-01 3.39E-06 
PIutonium-239/240 1.392 1.4 5 25 lo00 0.85 0.36 4.638+09 1.61E-05 3.08E-01 4.968-06 

Total Effective Dose Equivalent 8.35E-06 

(RAD4OPS.Xl.S SSED_MHPX8/14195 1@11 PM) 



FUTURE OPEN-SPACE RECREATIONAL USER 
AREA OF CONCERN NO. 4 

CT - Ingestion of surface water 

ARI = C  x IR x ET x EF 
EDE = ARI x EDC 

C IR ET EF ARI EDC EDE 
SurfaceWater Ingestion Exposure Exposure Annual Effective Dose Effective Dose 
Concentration Rate Time Frequency Radionuclide Intake Coefficient Equivalent 

Radionuclide (pcln) (W (hrlday) (days/yr) (pCi/yr) (mdpCi) ( W Y r )  
Americium-241 0.167 0.025 0.5 5 1.04E-M 3.64E-03 3.808-05 
Plutonium-239L240 0.069 0.025 0.5 5 4.31E-03 5.188-05 2.23E-07 

Total Effective Dose Equivalent 3.82E-05 

RME - Ingestion of surface water 

ARI = C x IR x ET x EF 
EDE = ARI x EDC 

C IR ET EF ARI EDC EDE 
SurfaceWater Ingestion Exposure Exposure Annual Effective Dose Effective Dose 
Concentration Rate Time Fqwncy  Radionuclide Intake Coefficient Equivalent 

Americium-241 0.167 0.05 1 15 1.25E-01 3.648-03 4.568-04 

Total Effective Dose Equivalent 4.59E-04 

Radionuclide (pcW (Mu) (hr/day) (daydyr) (pcilyr) (mrem/pci) (mremlyr) 

Plutonium-239/240 0.069 0.05 1 I5 5.1 8E-02 5.18E-05 2.68E-06 
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FUTURE OPEN SPACE RECREATIONAL USE 
AREA OF CONCERN NO. 4 

CT - External irradiation from sueam/dry sediment 

ER = C x SD x GSFx DPx CF 
EDE = ER x EF x EDCF 

C SD GSF DP CF ER EF EDCF EDE 
Soil Soil GalNlM Soil Conversion External Exposun External Dose Effective Dose 

Concentration Density Shielding Factor Depth Factor Radiation Frequency Conversion Fanor Equivalent 
Radionuclide (pc i lg )  (kdm’) (1-Q (m) (@g) (Kim’) (tu/yr) (mrem/hr per pCiim’) (mrem/yr) 
Americium-241 0.6601 1840 0.8 0.05 I IO00 4 . 9 6 8 4  1.20E41 3.4 1 E- IO 2.03844 

Total Effective Dose Equivalent 2.08844 
Plutonium-239R40 1.392 1840 0.8 0.05 1 IO00 l.OSE45 1.20E+01 4.318-12 5.408-06 

RME - External irradiation from stream/dry sediment 

ER = C x SD x GSFx DPx CF 
EDE = ER x EF x EDCF 

C SD GSF DP CF ER EF EDCF EDE. 
Soil Soil GalNlM Soil Conversion External Exposure External Dose Effective Dose 

Concentration Density Shielding Factor Depth Factor Radiation Frequency Conversion Fador Equivalent 
Radionuclide (pcilg) (kdd  ( 1 -sa (m) (g/kg) (pCim’) (tu/yr) (mrem/hr per pcdrn’) (mrem/yr) 
Americium-241 0.6601 I840 I 0.05 1 IO00 6 . 1 9 8 4  7.20E+01 3.41E-10 1.528-03 
Plutonium-239/240 1.392 I840 I 0.05 1 IO00 1.31E+05 7.20E41 4.3 IE-12 4.05E-05 

Total Effective Dose Equivalent 1.568-03 





ATTACHMENT J5 
1994 POND SEDIMENT SAMPLING AND RISK EVALUATION 

During the summer of 1994, subsequent to the OU6 Phase I field investigation, additional 
pond sediment samples were collected in the A- and B-series ponds. These ponds were 
chosen for .additional study to support the ongoing Ecological Risk Assessment. Sediment 
samples collected from ponds A-1, A-2, B-1, and B-2 were analyzed for Am-241, Pu- 
239/240, U-233,-234, U-235, U-238, gross alpha, gross beta, and for Aroclors-1248, -1254, 
and -1260. Some samples were also collected in the other A- and B-series ponds and 
analyzed for Aroclors. 

Sediment sample locations were approximately the same as those of the previous samples 
used in the OU6 human health risk assessment (HHRA). However, the 1994 samples were 
collected at a depth of 0 to 6 inches, rather than 0 to 24 inches. The 0-to-6-inch interval is 
more representative of the sediment layer to which human or ecological receptors may be 
exposed. Due to the difference in depth intervals, the sample results from the two sampling 
rounds are not strictly comparable, and the results were not combined for risk assessment. 
Instead, a separate risk evaluation using the 1994 results was performed for comparison to 
the results of the OU6 risk assessment for Area of Concern (AOC) No. 3 (A-series ponds) 
and AOC No. 4 (B-series ponds). As discussed below, the concentrations of pond sediment 
chemicals of concern (COCs) in the two sampling rounds, while somewhat different, did not 
produce substantially different risk results, and the risk evaluation of the 1994 data supports 
the conclusion drawn in the PHFRa that exposure to sediment does not produce unacceptable 
risk under the exposure conditions evaluated. 

0 

For the risk evaluation, the 1994 sample results were aggregated from Ponds A-1 and A-2 and 
from Ponds B-1 and B-2, consistent with the different flow regimes in the A- and B-series 
ponds and with the identification of AOC No. 3 and AOC No. 4. Using results from these 
ponds also provides an upperbound estimate on exposure potential because analyte 
concentrations are generally higher in sediments from these ponds than in other ponds in each 
series. Only compounds identified as OU-wide COCs in pond sediment were carried forward 
in the risk assessment. These are Aroclor-1254, Am-241, and Pu-239/240. 
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The 95 percent upper confidence limit (95% UCL) on the mean concentrations of the COCs 
in the two sampling rounds are shown below: 

Concentrations of Pond Sediment COCs, 1992 and 1994 Sampling Rounds 
mgkg or pCi/g 

Analyte 

A series B series 

1992 1994 1992 1994 
(0 to 24") (0 to 6") (0 to 24") (0 to 6") 

Aroclor-1254 
Am-24 1 
P~-239/240 

0.332 0.105 2.424 2.047 
5.98 1.516 54.5 73:81 

15.95 5.54 60.91 403.3 

Exposure scenarios evaluated were ingestion of and dermal contact with pond sediment by 
ecological researchers and open space recreational users. Exposure to dry sediment by 
inhalation and external irradiation was also evaluated for the maximum exposure condition 
(open- space recreational user at the B-series ponds) to verify that these exposure pathways 
were relatively insignificant. 

Table 1 summarizes the results of the risk evaluation. Table 2 shows the analytical results 
for the COCs and 95% UCL concentrations. Spreadsheets following Table 2 show the 
exposure assumptions and risk calculations. 

As shown in Table 1, the highest cancer risk estimate was 9E-06 (open space recreational 
user, assuming 25 visitdyear for 30 years at Ponds B-1 and B-2). This result is within EPA's 
target risk range of 1E-06 to 1E-04. The highest cancer risk estimate using the 1994 
sampling results is somewhat, but not substantially, higher than the highest cancer risk 
estimate for the ponds calculated using the 1992 sample results (cancer risk of 6E-06, AOC 
No. 4). 

Several analytes detected in sediment in Ponds A-1, A-2, B-1, and B-2 in the 1994 sampling 
program were not COCs for the human health risk assessment, i.e., Aroclor-1248 and uranium 
isotopes. Aroclor-1248 was detected in samples from Ponds B-1 and B-2 (results not shown 

0 
(4047-91 0-0025-52l)(ATCH-J5)(8/15/95 1 O : l O  am) 55-2 



in this Attachment); the 95% UCL concentration of 0.662 mg/kg is about 3 times lower than 
the 95% UCL concentration of Aroclor-1254 (2.047 mg/kg) and would be expected to result 
in a comparably lower risk. In the 1994 samples, maximum levels of U-233,-234 (9.3 pCi/g) 
and U-238 (26.8 pCi/g) were comparable to or lower than levels in the 1992 samples 
(maximum U-233,-234 = 15.9 pCi/g and maximum U-238 = 26.4 pCi/g; Table J3-20). Since 
the uranium isotopes did not contribute significantly to the overall risk factor in the 
concentration/toxicity screen used to select COCs based on the 1992 data (see Table 53-20), 
they would not contribute significantly to overall risk using 1994 results, either. Therefore, 
it is reasonable to compare the risk estimates based on the 1992 and 1994 sampling programs. 

(4047-91 0-0025-52 I)(ATCH-J5)(8/l5/95 IO: 10 am) 55-3 
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ATTACHMENT J5 
TABLE 1 

SUMMARY OF CANCER RISK ESTIMATES 
FOR EXPOSURE TO POND SEDIMENTS (0-6") 

A- Series Ponds (A-1 and A-2) 

Cancer Risk 

Pathway Central Tendency Reasonable Maximum Exposure 

Open Space Recreational User 
Ingestion of sediment 7.63E-09 1.24E-07 
G a l  contact with sediment 1.46E-10 5.39E-08 
Total 7.78E-09 1.78E-07 

Ecological Researcher 
Ingestion of sediment 3.12E-10 3.7 1 E-09 
Dermal contact with sediment 7.92E- 10 1.47E-07 
Total 1 . 1 OE-09 1.51E-07 

B- Series Ponds (B-1 and B-2) 

Cancer Risk 

Pathway Central Tendency Reasonable Maximum Exposure 

Open Space Recreational User 

Dermal contact with sediment 2.86E-09 1 .OSE-06 

External irradiation, dry sediment (1) 1.11E-08 2.17E-07 
Total 4.5 9E-07 8.54E-06 

Ingestion of sediment 4.4 SE-07 7.27E-06 

Inhalation, dry sediment (1) 5.39E-13 2.53E-11 

Ecological Researcher 
Ingestion of sediment 1.97E-08 2.34E-07 
Dermal contact ivith sediment 1 S4E-08 1.47E-07 
Total 3.51E-08 3.8 1E-07 

(1) Using results of dry sediment samples collected near Pond B-2 (worst case). 
These exposure pathways were evaluated only for the open space recreational user at 
the B-series ponds to demonstrate that they are negligible and do not result 
in significant risk. 
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Table 2 

OU6 1994 Pond Sediment 
Sampling Results for Am-241, Pu-2391240, and Aroclor-1254 

Ponds A-1, A-2 and Ponds B-1, B-2,0 to 6" 

IB-Series I AMERICIUM-24 1 195% UCL 73.811pCQG 1 1 I 
I 
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Table 2 
OU6 1994 Pond Sediment 

Sampling Results for Am-241, Pu-239/240, and Aroclor-1254 
Ponds A-1, A-2 and Ponds B-1, B-2,0 to 6" 
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Table 2 
OU6 1994 Pond Sediment 

Sampling Results for Am-241, Pu-239/240, and Aroclor-1254 
Ponds A-1, A-2 and Ponds B-1, B-2,0 to 6" 



Receptor: Future Open Space Recreational Use 
Area Description: A-series Ponds 
Media: Pond Sediment 
Pathway: Ingestion 

Chemical Intake Factor = [(IR-CxED-C/BW-C)+(IR-AxED-A)/(BW-A)]x(CFxMExEF)/AT 

i b "- ASSFSSMENT PATHWAY 

Chemical 
' Exposure Factors Description Units 

Ingestion Rate (IR) mg\visit 
Conversion Factor (CF) k g h g  

Chemical-specific Matrix Effect unitless 
Exposure Frequency (EF) visits\year 
Exposure Duration (ED) years 

Conversion Factor (CF) glmg 

Body Weight (BW) kg 
Carcinogenic Averaging Time (AT) days 

Central Tendency 

Child Adult 
Exposure Exposure 

Value Value 

50 25 
1.00E-06 1.00E-06 
1.00E-03 ' 1.00E-03 

10 10 
2 7 

15 70 
25550 25550 

Child 
Exposure 

Value 

100 
1.00E-06 
1.00E-03 

25 
6 

15 
25550 

Adult 
Exposure 

Value 

50 
1.00E-06 
1.00E-03 

25 
24 
70 

25550 

Chemical 
. .  

Intake 
(mg WW 

1.88E-10 
4.17E+00 
1.52E+Ol 

Slope Carcinogenic 
Factor Risk 

(mg*gWaY)4' 

7.70E40 1.45E-09 
3.28E-10 1.37E-09 
3.16E-10 4.81 E-09 

TOTAL 7.63E-09 

CARCINOGENIC R I W A S O N A W I M U M  FXPOSUW 

Arocior-1254 
Americum-241 
Plutonium-239/240 

0.105 1.79E-09 
1.516 2.75~+oa 
5.54 2.75~+oa 

Page 1 

Chemical Intake stope 
Chemical Concentration Factor Intake Factor 

( m g W  (kg Wday)  (mgkg\day) (mgkg\day)"' 

7.70E+00 Aroclor-1254 0.105 2.80E-08 2.94E-09 
Americum-241 1.516 4.50E+01 6.82E+01 3.28E-10 
Plutonium-239/240 5.54 4.50E+01 2.49E+02 3.16E-10 

TOTAL 

Carcinogenic 
Risk 

2.26E-08 
2.24E-08 
7.88E-08 

1.24E-07 



I 

1 im ).IUMAN HEALTH Ass-- 

Central 
Tendency 

Exposure 
Value 

k- 
Receptor: Future Open Space Recreational Use 
Area Description: A-series Ponds 
Media: Pond Sediment 
Pathway: Dermal Contact 

Reasonable 
Maximum 
Exposure 

Exposure 
Value 

Chemical Intake Factor = (SAxFCfl,DxABxEFxEDxCF)/(BWxAT) 

I Exposure Factors Description Chemical 
Units 

Skin Surface Area (SA) 
Conversion Factor (CF) 
Soil Adherence Factor (AD) 
Contaminated Source Fraction (FC) 
Skin Absorption Factor (AB) 
Exposure Frequency (EF) 
Exposure Duration (ED) 
Body Weight (BW 

m2 
kglmg 
mg/un2 
unitless 
unitless 
eventslyear 
years 
kg 

NIC RISK f C-LT- C 

- -  
Carcinogenic Averaging Time (AT) days 

CS 

Intake 
Factor 

(kgwday) 

2000 
1.OOE-06 

0.2 
0.15 

10 
9 

70 
25550 

cs 

Slope Carcinogenic 
Intake Factor Risk 

( m g h w y  1 (rngkg\day)4' 

5300 
1.00E-06 

1 .o 
0.5 

25 
30 
70 

25550 

Aroclor-1254 0.105 1.81E-10 1.90E-11 

Chemical 

7.70E+00 1.46E-10 

Chemical 
Concentration 

( m g W  

Chemical Intake 
Chemical Concentration Factor Intake 

( m g W  (kgW\day) (mg W W y )  

Aroclor-1254 0.105 6.67E-08 7.00E-09 

Slope , Carcinogenic 
Factor Risk 

(rngNg\dayP 

7.70E+00 5.39E-08 

TOTAL 5.39E-08 

I I I I I I 
I TOTALI 1.46E-10 

Page 2 

_ .  



a -T PATHWAY ANA' ys's 

Reasonable 
Central Tendency Maximum 

Exposure 

Exposure Factors Description Units Exposure Exposure 
Chemical 

Value Value 

- 
Ingestion Rate (IR) rng\visit 50 
Fraction Contaminated (FC) unitless 0.9 1 
Conversion Factor (CF). k 9 w l  1.00E-06 1.00E-06 
Conversion Factor (CF) 9/m9 1.00E-03 1.00E-03 
Chemical-specific Matrix Effect unitless cs cs 
Exposure Frequency (EF) visits\year 7 12 
Exposure Duration (ED) years 2.5 2.5 
Body Weight (Bw) k9 70 70 
Carcinogenic Averaging Time (AT) days 25550 25550 

\. rJ 

Receptor: Future Ecological Researcher 
Area Description: A-series Ponds 
Media: Pond Sediment 
Pathway: Ingestion 

Slope 
Factor 

(mgkg\da y)"' 

Chemical Intake Factor = (IRxFCxEDxCFxMExEF)/(BWxAT) 

Carcinogenic 
Risk 

Radionuclide Intake Factor = IRxFCxEDxCFxMExEF 

I 

0.105 3.52E-11 3.70E-12 
1.516 1.26E-01 1.91E-01 
5.54 1.26E-01 6.98E-01 

2.85E-11 
3.28E-10 6.27E-11 
3.16E-10 2.21 E-1 0 

7.70E+00 

Chemical 

Slope 
Factor 

(mgkg\day)"' 

7.70E+00 
3.28E-10 
3.1 6610 

TOTAL 

Americum-241 
Plutonium-239/240 

Carcinogenic 
Risk 

3.39E-10 
7.46E-10 
2.63E-09 

3.71E-09 

I I I I 

Aroclor-1254 0.105l 4.1 9E-101 4.40E-11 
1.516 1.50E+00 I 5.541 1.50E+00 

I TOTALI 3.1 2E-10 

2.27E+OC 
8.3 i~+oa 

I I I I 
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m PATHWAY 

Chemical 

Aroclor-1254 

'1 7 
Receptor: Future Ecological Researcher 
Area Description: A-series Ponds 
Media: Pond Sediment 
Pathway: Dermal Contact 

Chemical Intake Slope Carcinogenic 

( m g w  (kgWday) (mg*g\day) (mgkg\day)-'' 
Concentration Factor Intake Factor Risk 

0.105 9.80E-10 1.03E-10 7.70E+00 7.92E-10 

Chemical Intake Factor = (SAxFCxADxABxEFxEDxCF)/(BWxAT) 
I 

TOTAL 

I 

7.92E-10 

Central 
Tendency 

Chemical 

Aroclor-1254 

I 

I I I 

Chemical Intake Slope Carcinogenic 

( m g W  (kgkguay) (mgWday) (mgUcg\day)'' 
Concentration Factor Intake Factor Risk 

2.047 9.33E-09 1.91 E-08 7.70E+00 1.47E-07 

Exposure Factors Description Chemical Exposure 

, TOTAL 

Skin Surface Area (SA) 
Conversion Factor (CF) 
Soil Adherence Factor (AD) 
Contaminated Source Fraction (FC) 
Skin Absorption Factor (AB) 
Exposure Frequency (EF) 
Exposure Duration (ED) 
Body Weight (BW) 
Carcinogenic Averaging Time (AT) 

1.47E-07 

m2 
k g m  
mg/cm2 
unitless 
unitless 
eventslyear 
years 
kg 
days 

927! 
1.00E-01 

0.: 
O.! 

2.! 
7( 

2555( 

Reasonable 
Maximum 
Exposure 

Exposure 
Value 

9275 
1.00E-06 

1 .o 
1 

12 
2.5 
70 

25550 

S 
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Central Tendency 

Receptor: Future Open Space Recreational Use 
Area Description: 6-series Ponds 
Media: Pond Sediment 
Pathway: Ingestion 

Reasonable Maximum Exposure 

Child Adult 

Value Value 
Exposure Exposure 

Child Adult 

Value Value 
Exposure Exposure 

Ingestion Rate (IR) 
Conversion Factor (CF) 
Conversion Factor (CF) 
Chemical-specific Matrix Effect 
Exposure Frequency (EF) 
Exposure Duration (ED) 
Body Weight (BW) 
Carcinogenic Averaging Time (AT) 

Exposure Factors Description 

mg\visit 
k g m i  
m g  
unitless 
visits\year 
years 
kg 
days 

Chemical . 
Units 

I I re CARC,NOGEN,C lCFNTRAl T E ~  

100 
1.00E-06 
1.00E-03 

5( 
1 .OOE-O( 
1 .OOE-0: 

I I I 
I I I 

10 
2 

15 
25550 

50 
1.00E-06 
1.00E-03 

10 25 
7 E 

70 15 
25550 25550 

25 
1.00E-06 
1.00E-03 

Chemical ’ Intake 
Chemical Concentration Factor 

(mgM or PCW (kgWday) 

Aroclor-1254 2.017 1.79E-09 
Americum-241 73.81 2,75E+00 
Plutonium-239/240 403.3 2.75E+00 

Slope 
Intake Factor 

( m g w w y  1 (mg\kg\day)4’ 

3.67E-09 7.70E+00 
2.03E+02 3.28E-10 
1.1 1 E+03 3.16E-10 

Intake 
(mg Wday)  

I I I 

Slope 
Factor 

(mg\kg\day)-” 

5.72E-08 
3.32E+03 
1.81 E+04 

ClNOGFNlC RISK WONAE-  FXPOSURU 

7.70E+00 4.41E-07 
3.28E-10 1.09E-06 
3.16E-10 5.73E-06 

Carcinogenic 
Risk 

6.66E-08 
3.50E-07 

Aroclor-1254 
Americum-24 1 
Plutonium-239/240 

Chemical 

2.047 2.80E-08 
73.81 4.50E+01 
403.3 4.50E+O1 

Chemical 
Concentration 

( m g W  

Page 1 

Carcinogenic 
Risk 

I I 
TOTAL I [ 7.27E-06 



Receptor: Future Open Space Recreational Use 
Area Description: 6-series Ponds 
Media: Pond Sediment 
Pathway: Dermal Contact 

Central 
Tendency 

Chemical Intake Factor = (SAxFCxADxABxEFxEDxCF)/(BWxAT) 

Reasonable 
Maximum 
EXpOSUrn 

I I 1 

i Chemical 
Units 

I 

cmZ 
w m g  

unitless 
unitless 
eventslyear 
years 
kg 
days 

mg/cm* 

Exposure Exposure 
Value Value 

2000 530C 
1.00E-06 l.OOE-O€ 

0.2 1 .c 
0.15 0.5 

10 25 
9 3c 

70 7c 

cs ' cs 

25550 25550 

e cT PATHWAY ANA' ys's 

I *  

- 
Intake Slope 

Chemical Concentration Factor Intake Factor 
Chemical 

( m g W  (kg Wday)  (mgwluaY) (mgWg\day)"' 

Aroclor-1254 2.047 1.81E-10 3.71E-10 7.70E+00 

TOTAL 

I I r I I I I 

Carcinogenic 
Risk 

2.86E-09 

2.86E-09 

Exposure Factors Description 

~~ ~ ~ 

Chemical 

Aroclor-1254 

I 

Chemical Intake 
Concentration Factor Intake 

( m g W  (kg Wday)  (mgWday) 

2.047 6.67E-08 1.36E-07 

Skin Surface Area (SA) 
Conversion Factor (CF) 
Soil Adherence Factor (AD) 
Contaminated Source Fraction (FC) 
Skin Absorption Factor (AB) 
Exposure Frequency (EF) 
Exposure Duration (ED) 
Body Weight (Bw) 
Carcinogenic Averaging Time (AT) 

Slope 
Factor 

(mgwguay)"' 

7.70E+00 

TOTAL 

I 

Carcinogenic 
Risk 

1.05E-06 

1.05E-06 

F. 
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ExRadB2 

I I 

I TH M K  ASSFSSMENT P A T H M Y  ANALYSIS 

Receptor: Future Open Space Recreational User 
Area Description: Pond 8-2 
Media: Sediment (dry) 
Pathway: External Irradiation 

r Reasonable 
Central Maximum 

Exposure 
Tendency 

Radionuclide Intake Factor = TFxGSFxEFxED 

Gamma Time Factor (T,) 
Gamma Shielding Factor (I-SJ 
Percent of Year Exposed (EF) 
Exposure Duration (ED) 

unitless 
unitless 
unitless 
years 

Exposure Factors Description Chemical Exposure Exposure I Units I Value I Value 

Soil Intake Intake Slope 
Chemical Concentration Factor (pCi/g/yr) Factor 

(pCi/g)(’’ (years) (RisWyr/pCi/g) 
Americium-241 l.lOE+02 2.16E-02 2.37E+00 4.59E-09 
Plutonium-239/240 6.49E+02 2.16E-02 1.40E+01 1.87E-11 

TOTAL 

I I I I 

I I I 

Carcinogenic 
Risk 

1.09E-08 
2.62E-10 

1.1 1 E-08 

Soil Intake Intake Slope 
Chemical Concentration Factor (pCi/g/yr) Factor 

(PC i/g 1 (years) ( R isk/y r/pC i/g ) 
Americium-24 I 1.10E+02 4.20E-01 4.61E+01 . 4.59E-09 
Plutonium-239/240 6.49E+02 4.20E-01 2.73E+02 1.87E-11 

TOTAL 

0.1 
0.8 

0.03 
9 

Carcinogenic 
Risk 

2.12E-07 
5.10E-09 

2.17E-07 

0.2 
1 

0.07 
30 

CARCINOGEN1 C RISK CENTRAL m E N C Y 1  

> c c  

(1 ) Soil concentration is based on the 95% UCL unless this value is greater than the maximum concentr 
in this case, the maximum concentration was used. 
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I InhaleB2 

Inhalation Rate (IR) 
Exposure Time (ET) 
Exposure Frequency (EF) 
Exposure Duration (ED) 

Receptor: Future Open Space Recreational User 
Area Description: Pond 8-2 
Media: Sediment (dry) 
Pathway: Inhalation of Particulates 

0 HEqLItFPlsK ASSES-T PATHWAY 

mYhr 
h r/visit 
visits\year 
years 

Radionuclide Intake Factor = IRxETxEFxED 

Maximum 
Air 

(pCi/m3) 
Chemical Concentration 

Americium-241 2.37E-08 
Plutonium-2391240 1.40E-07 

I 

Intake 
Factor Intake 

(m3\kg\day (mgkg\day) 
1.12E+02 2.66E-06 
1.12E+02 1 S7E-05 

Reasonable 
Maximum 
Exposure 

Central 
Tendency 

Slope 
Factor 

or (RisWpCi) 
3.85E-08 
2.78E-08 

TOTAL 

I I 

I I I I 1 

Carcinogenic 
Risk 

1.02E-13 
4.37E-13 

5.39E-13 

Exposure Factors Description Chemical Exposure Exposure I Units 1 Value 1 Value 

* 

Chemical 

Americium-241 
Plutonium-239/240 

t I I I 
I I I I 

Maximum 
Air Intake Slope Carcinogenic 

Concentration Factor Intake Factor Risk 
(pCi/m3) (m3\kg\day (mg\kg\day) (RisWpCi) 

2.37E-08 5.25E+03 1.25E-04 3.85E-08 4.79E-12 
I .40E-07 5.25E+03 7.36E-04 2.78E-08 2.05E-11 

TOTAL 

0.83 
1.5 
10 
9 

2.53E-11 

1.4 
5 

25 
30 

GENIC RISK 1 CENTRA1 TENDEN CY 1 e CARC'No 

CARCINOGEN1 C RISK (REASONABLE MAXIMUM FXPOSURE) 
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I )  - R'SwSSFS-T PATHWAY ANA' ys's 

Central Tendency 

Receptor: Future Ecological Researcher 
Area Description: Bseries Ponds 
Media: Pond Sediment 
Pathway: Ingestion 

Reasonable 
Maximum 

Chemical Intake Factor = (IRxFCxEDxCFxMExEF)/(BWxAT) 

Exposure Factors Description I 
Units 1 EXP;:: 

Radionuclide Intake Factor = IRxFCxEDxCFxMExEF 

I Exposure 
Value 

8 
0.9 

1.00E-06 
1.00E-03 

7 
2.5 
70 

25550 

cs 

I I Exposure 
I I Chemical I 

cs 

Slope 
Factor 

(rngUcg\day)"' 

7.70E+00 
3.28E-10 
3.1 6E-10 

TOTAL 

Ingestion Rate (IR) 
Fraction Contaminated (FC) 
Conversion Factor (CF) 
Conversion Factor (CF) 
Chemical-specific Matrix Effect 
Exposure Frequency (EF) 
Exposure Duration (ED) 
Body Weight (BW) 
Carcinogenic Averaging Time (AT) 

Carcinogenic 
Risk 

5.55E-10 
3.05E-09 
1.61 E-08 

1.97E-08 

I '0 
~~ 

Intake 
Factor 

(kgk9MaY) 

3.52E-11 
1.26E-01 

' 1.26E-01 

mg\visit 

visits\year 

days 

Intake 
(mgWMay) 

7.21 E-1 1 
9.30E+OC 
5.08E+01 

CARCINOGENIC RISK [ C W I B A L  TFNDFNCYl 

Slope 
Chemical Concentration Factor Intake Factor 

Chemical Intake 

( m g W  (kg*g\day) (mgWday) (rngWg\dayFo' 

Aroclor-1254 2.047 4.19E-10 8.58E-10 7.70E+00 
Americum-241 73.81 1.50E+00 1.1 1E+02 3.28E-10 
Plutoniurn-239/240 403.3 1.50E+00 6.05E+02 3.1 6E-10 

TOTAL 

I 

Carcinogenic 
Risk 

6.61 E-09 
3.63E-08 
1.91 E-07 

2.34E-07 

Chemical 

Aroclor-1254 
Americum-241 "-- Plutonium-239/240 

I 

Chemical 
Concentration 

(mgM or PCW 

2.047 
73.81 
403.3 

50 
1 

1.00E-06 
1.00E-03 

12 
2.5 
70 

25550 
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Receptor: Future Ecological Researcher 
Area Description: 6-series Ponds 
Media: Pond Sediment 
Pathway: Dermal Contact 

Chemical Intake Factor = (SAxFCxADxABxEFxEDxCF)/(BWxAT) 

' e -AN TH ASSESSMENT PATHWAY 

Central 
Tendency 

Reasonable 
Maximum 
Exposure 

Exposure Factors Description Chemical 

t 1 I I 

I I I 

Exposure 
Value 

Skin Surface Area (SA) 
Conversion Factor (CF) 
Soil Adherence Factor (AD) 
Contaminated Source Fraction (FC) 
Skin Absorption Factor (AB) 
Exposure Frequency (EF) 
Exposure Duration (ED) 
Body Weight (BW 
Carcinogenic Averaging Time (AT) 

Exposure 
Value 

cm2 
kgm3 
mg/cm2 
unitless 
unitless 
eventslyear 
years 
kg 
days 

Chemical Intake Slope 
Chemical Concentration Factor Intake Factor 

( m g w  (kgwday) (mgWday) (mgkg\day)4' 

Aroclor-1254 2.047 9.80E-10 2.01 E49  7.70E+00 

TOTAL 
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Chemical 
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2.047 
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Slope 
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(mgkg Way)'" 

Carcinogenic 
Risk 
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9.33E-09 1.91 E-08 

I I I 

7.70E+00 1.47E-07 

TOTAL 1.47E-07 
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